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     general introduction
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I Introduction
Anxious  phenomena  such  as  fear  and  worry  are  common  in  childhood  and 
adolescence. In most cases, these phenomena are part of normal development and 
most children 'grow out' of these fears (e.g., Gullone, 2000; Muris, Merckelbach, Gadet, 
& Moulaert, 2000). A substantial number of children, however, suffer from high levels 
of chronic and impairing anxiety, making anxiety disorders the most prevalent forms of 
youth  psychopathology  (e.g.,  Cartwright-Hatton,  McNicol,  &  Doubleday,  2006)  often 
lasting into adulthood (e.g., Muris, 2006a; Weiss & Last, 2001). This fact has raised 
research interest,  resulting  in  a  wealth of  empirical  studies  and the  formulation  of 
numerous  theories  describing  the  etiology  of  childhood  and  adolescent  anxiety 
disorders (e.g., Vasey & Dadds, 2001).
An important theory on psychopathology  with clear implications for the study of 
anxiety  disorders  was  formulated  by  Jeffrey  Gray  (e.g.,  1982,  1987)  in  what  has 
become known as the Reinforcement Sensitivity Theory (RST). RST has greatly inspired 
psychopathology  research,  both  in  adults  (for  review,  see Bijttebier,  Beck,  Claes,  & 
Vandereycken,  2009)  and in  youth  (e.g.,  Chorpita,  2001;  Lonigan  & Phillips,  2001; 
Quay, 1988). Gray stated that all behavior originates from activity in three major brain 
systems: the Behavioral Approach System (BAS), the Behavioral Inhibition System (BIS), 
and the Flight/Fight System (FFS).  Stable individual  differences in the activity  of the 
systems are assumed to be related to different personality dimensions. For example, 
individuals  with  a  highly  active  BIS  are  thought  to  have  an  anxious  personality. 
Furthermore, overactivity in one of the systems is thought to be the core component of 
psychopathology.  For example, an overactive BIS is thought to be involved in anxiety 
disorders (e.g., Gray, 1982; Gray & McNaughton, 2000).
Quay (1988, 1997) used Gray's BIS and BAS concepts to develop a theoretical 
framework  for  externalizing  and  internalizing  problems  in  children.  With  regard  to 
childhood anxiety disorders, Quay (1988, p. 120) stated: 'It is abundantly clear that the 
broad-band internalizing disorder of Anxious/Withdrawn involves an overactive BIS - 
almost by definition'. 
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In this dissertation, I will elaborate on the proposed link between an overactive BIS 
and  childhood  anxiety  disorders.  Before  doing  so,  a  more  extensive  background  of 
Gray's Reinforcement Sensitivity Theory is provided. Because the aim of my dissertation 
is to describe the role of BIS in childhood and adolescent anxiety disorders, reference to 
FFS and BAS will be made sparingly and only if necessary for the understanding of how 
BIS  is  involved  in  anxiety  disorders.  Gray's  RST  is  a  neuropsychological  theory, 
describing behavior at both a neurological and a psychological level. The discussion in 
the present dissertation focuses on the psychological component of the model, without 
reference to the specific neural structures and neurological processes that mediate 
the psychological processes. 
GRAY'S REINFORCEMENT SENSITIVITY THEORY
The original model (1982)
Gray's original account of the Reinforcement Sensitivity Theory (RST; 1970, 1982) 
describes  how  all  human  behavior  follows  from  activity  in  three  major 
neuropsychological  systems:  the  Fight/Flight  System (FFS),  the  Behavioral  Inhibition 
System (BIS)  and the Behavioral  Approach System (BAS).  These three systems are 
sensitive to different types of stimuli. The FFS reacts to unconditioned aversive stimuli, 
indicative of an immediate threat.  The BIS reacts to conditioned aversive stimuli,  to 
novel,  unknown  stimuli,  to  highly  intense  stimuli  and  to  innate  fear  stimuli.  Being 
conditioned stimuli, they are warning signals for potential threat and punishment. Gray 
calls  these  BIS-activating  stimuli  'adequate  stimuli  for  anxiety'.  The  BAS  reacts  to 
appetitive stimuli. Activity in the systems gives rise to different affective states. FFS and 
BIS give rise to negative affect,  whereas BAS underlies positive affect.  As such, FFS-
activity  is  related  with  feelings  of  fear,  panic  and anger,  BIS-activity  with  feelings  of 
anxiety and BAS-activity with hope and joy. Next to these affective responses, activity in 
the  three  systems  has  behavioral  consequences.  Activity  in  the  BAS  is  related  to 
impulsivity and approach behavior.  Activity  in the FFS is related to escape from and 
aggression towards a present threat, whereas activity in the BIS is related to inhibition 
and avoidance from a potential threat. More specifically, the BIS has three functional 
outputs: activity in the BIS (1) immediately inhibits ongoing motor behavior (behavioral 
inhibition),  (2)  is  associated  with  an increment of  arousal  level,  resulting in a  more 
negative evaluation of the environment (stimulus evaluation) and (3) is concerned with 
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orienting-investigative  behavior,  increasing  and  focusing  attention  to  the  activating 
stimuli  (selective  attention).  These  three  BIS-outputs  are  more  or  less  automatic 
responses to signals of threat.
Activity in the different systems is thought to not only have short term effects on 
affective  state  and  immediate  behavior,  but  also  to  have  more  long  term,  trait-like 
consequences. Activity in the BIS and the BAS are linked to the personality dimensions 
Anxiety and Impulsivity respectively.  Individuals who are highly susceptible to aversive 
stimuli and signals of punishment (i.e. individuals with a high reactive BIS) can be seen 
as having an anxious personality,  whereas high susceptibility  to appetitive stimuli  or 
signals of reward (i.e.  high reactive BAS) constitutes an impulsive personality.  Gray's 
BIS/Anxiety  and  BAS/Impulsivity  are  comparable  to  Watson  and  Clark's  (1984) 
Negative  Affect  (BIS)  and  Positive  Affect  (BAS).  BIS  and  FFS  seem  to  be  the  two 
components  (anxiety  and  anger)  of  a  general  distress  temperamental  trait  that 
Rothbart (2004) labeled as Negative Affectivity and Buss and Plomin (1975, 1984) as 
Emotionality.
Gray linked activity in the BIS, FFS and BAS (and their related personality types) to 
psychological disorders. He proposed that individuals with a certain personality type are 
more likely to manifest psychopathological symptoms consistent with the activity in the 
related system. Adding to this idea that personality characteristics are important risk 
factors for psychopathology, hypersensitivity of or overactivity in one of the systems is 
suggested to be the core factor of a certain psychological disorder. As such, individuals 
with  a  highly  active  BIS are  thought to be  anxiety-prone and particularly  at  risk  for 
anxiety  disorders.  Pathological  anxiety  is  assumed  to  be  caused  by  an  extremely 
sensitive, hyperactive BIS (e.g., Gray, 1982, 1987). 
Some important revisions 
Although  the  core  assumption  formulated  in  the  1982  model  still  holds  -  i.e. 
overactivity in the BIS causes pathological anxiety - several adaptations have been made 
to the original model by Gray (e.g., Gray & McNaughton, 1996, 2000) and others (e.g., 
Corr, 2001, 2002).
Updating  the  1982  model  with  new experimental  data,  Gray  and  McNaughton 
(1996, 2000) reconsidered the role of BIS and FFS (from then on called Freeze Flight 
Fight System, FFFS) in anxiety disorders. Other than in the original model, the FFFS is 
hypothesized to be activated not only by unconditioned, but also by conditioned aversive 
stimuli.  The  FFFS  gives  rise  to  feelings  of  fear  and  FFFS-responses  are  aimed  at 
reaching safety by removing oneself  from the source of the threat.  The BIS is also 
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activated by the aversive stimuli (both conditioned and unconditioned), but only when 
there is conflict, for example when the subject's '… primary purpose is to achieve some 
goal  which requires it  to  move towards a source of  danger  --  that  is,  when it  has 
concurrent  conflicting  goals'  (Gray  &  McNaughton,  2000,  p.84)  of  approaching 
something rewarding (e.g. working on a PhD-dissertation in order to obtain a degree) 
and at the same time wanting to avoid something threatening (e.g. failure and negative 
evaluation). Apart from this approach-avoidance conflict due to simultaneous activation 
of BAS and FFFS, conflict can arise from concurrent BAS-BAS or FFFS-FFFS activation. 
While overactivity in the BIS is assumed to be the causal factor for all anxiety disorders 
(as it was in the original model), overactivity in the FFFS is thought to be additionally 
involved  in  panic  disorder,  social  phobia  and  specific  phobia  (Gray  &  McNaughton, 
1996,  2000;  Kimbrel,  2008;  Zinbarg  &  Yoon,  2008).  Research  testing  this  new 
perspective is still scarce, partly because most instruments used to test Gray's theory 
are based on the original 1982 model. As such, they do not yield separate scores for 
BIS-sensitivity  and FFFS-sensitivity.  In  Chapter  3 of this  dissertation,  it  will  be tested 
whether a frequently used instrument to assess BIS/BAS-sensitivity captures both BIS 
and FFFS.
In the 1982 model, Gray stated that the BIS and the BAS were two functionally 
separate  systems,  exerting  an  independent  influence  on  behavior.  This  separable 
subsystems hypothesis (SSH) suggests that responses to BIS-activating stimuli should 
depend on an individual's BIS-sensitivity but not on one's s level of BAS-sensitivity, while 
responses to BAS-activating stimuli should depend on one's BAS-sensitivity, independent 
of one's BIS-sensitivity. The same holds for the sensitivity and activity of the system: 
individuals with high BIS-levels are more reactive to BIS-activating stimuli than to BAS-
activating  stimuli,  while  individuals  with  high  BAS-levels  demonstrate  an  opposite 
reactivity pattern. The SSH leads to the assumption that, at any moment, behavior is 
controlled by the one system that is most active at the time, be it  due to activating 
stimuli or to an individual's sensitivity. Evidence for such dominance of one system over 
the other is provided by empirical studies showing that high anxiety (i.e. a highly reactive 
BIS) is associated with stronger reactions to aversive stimuli than to appetitive stimuli. 
For example, in some studies physiological reactions to aversive stimuli are found to be 
strongest  in  clinically  anxious  children  (e.g.,  Waters,  Henry,  &  Neumann,  2009). 
However, other studies yielded inconsistent results. For example, children with anxiety 
disorders  are  sometimes  found  to  react  indifferently  to  aversive  and  non-aversive 
stimuli (e.g.,  Craske et al.,  2008) or to allocate attention towards both aversive and 
appetitive stimuli (e.g., Waters, Lipp, & Spence, 2004). This last finding is consistent 
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with  Corr's  joint  subsystems hypothesis  (JSH, 2001,  2002,  2004)  suggesting that 
there  can  be  a  joint  influence  of  the  BIS  and  BAS  on  behavior.  Such  functionally 
interdependent effects of BIS and BAS are expected in case of moderately aversive and 
appetitive stimuli or in individuals with normal levels of BIS/BAS-activity. However, when 
strong aversive  or  appetitive  stimuli  are  used,  effects  consistent  with  the  SSH are 
expected. So, in case of very strong BIS-activating stimuli, behavior is predicted to be 
mediated only by the BIS, with no influence of the BAS. Comparable effects assumedly 
occur  in  individuals  with  hyperactive  BIS.  Therefore,  in  individuals  with  extreme BIS-
activity, as in clinically anxious individuals, the overactive BIS is predicted to exclusively 
control behavior, overruling the effects of the individuals' BAS-activity. In Chapter 3, the 
separable  subsystems hypothesis  (SSH)  will  be tested against the  joint  subsystems 
hypothesis  (JSH)  in  a  sample  of  clinically  anxious  and  non-clinical  children  and 
adolescents.  In  the experimental  studies of the present dissertation (Chapters 4-6), 
predictions of the SSH are tested. Therefore, it will  be investigated whether anxious 
children react stronger to BIS-activating than to neutral, positive or negative stimuli and 
whether  BIS-activating  stimuli  yield  stronger  effects  in  anxious  than  in  non-anxious 
participants. 
LINKING BIS WITH ANXIETY DISORDERS
The link between the BIS and anxiety disorders as described in the RST, is rather 
straightforward: hyperactivity in the BIS underlies all anxiety disorders (e.g., Gray, 1982, 
1987; Gray & McNaughton, 2000). So, there is no fundamental difference between 
normal and pathological anxiety: in this dimensional view, anxiety is always connected to 
activity in the BIS. Anxiety disorders 'are extreme manifestations of aspects of normal 
anxiety' (Gray & McNaughton, 2000, p.285).
A hierarchical model of anxiety and emotional disorders 
Overactivity in the BIS is thought to be common to all anxiety disorders, but each 
disorder is associated with its own specific features (e.g., Gray & McNaughton, 2000). 
For example, social phobia is thought to be related not only to BIS, but also to FFFS 
(Kimbrel, 2008). Evidence for such a hierarchical structure in childhood anxiety can be 
found in factor-analytic studies describing a general second-order factor underlying all 
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anxiety disorders and several  first-order factors associated with each disorder (e.g., 
Nauta, et al., 2004). 
The general factor underlying anxiety disorders (i.e. overactivity in the BIS) is also 
thought  to  be  underlying  major  depressive  disorder  (e.g.,  Fowles,  1988,  Tellegen, 
1985).  The idea of a general distress factor underlying both anxiety and depressive 
disorders is articulated in Clark and Watson's tripartite model (1991). Based on the 
evidence of  substantial  overlap  between anxiety  and depression,  Clark  and Watson 
proposed  a  non-specific  generalized  distress  component,  i.e.  Negative  Affect  (NA), 
underlying  both types of  emotional  problems.  To explain the  evidence of  meaningful 
differentiation  between  anxiety  and  depression,  they  proposed  two  specific  factors, 
each relating to either anxiety or depression. They hypothesized that anxiety is uniquely 
related to Physiological Hyperarousal (PH) while depression is uniquely related to low 
Positive Affect (PA). Although the evidence for PH in childhood anxiety is less convincing 
than in adult anxiety (e.g., Chorpita, 2002; Chorpita, Plummer, & Moffit, 2000; Ollendick, 
Seligman, Goza, Byrd, & Singh, 2003), there is increasing support for applicability of the 
tripartite model in childhood anxiety and depressive disorders (e.g., Chorpita, Albano, & 
Barlow, 1998; Joiner, Catanzaro, & Laurent, 1996; Yang, Hong, Joung, & Kim, 2006).
Zinbarg  and Yoon  (2008)  related  RST  constructs  to  the  tripartite  model.  They 
proposed that BIS is comparable to NA and BAS to PA. As thus, high BIS-reactivity is 
the  common  factor  in  anxiety  and  depression,  while  BAS-reactivity  distinguishes 
between  both  emotional  disorders.  Anxiety  is  hypothesized  to  be  associated  with 
average levels of BAS, whereas depression is characterized by low levels of BAS. In 
Chapter  3,  the  anxiety  part  of  this  hierarchical  RST-model  (high  BIS  and  low  to 
moderate BAS levels in all anxiety disorders, FFFS in social phobia, panic disorder and 
specific  phobias)  will  be tested in children and adolescents with and without anxiety 
disorders.
THE ROLE OF COGNITION IN ANXIETY:
AN INFORMATION PROCESSING PERSPECTIVE ON BIS-ACTIVITY
Within  his  dimensional  view  on  anxiety,  Gray  emphasized  the  role  of  cognitive 
factors in both normal and pathological anxiety:  'it is not the stimulus as such which 
gives rise to anxiety,  but rather the interpretation placed on the occurrence of that 
stimulus by the individual' (Gray & McNaughton, 2002, p. 278; Corr, 2008). Activity in 
the BIS is thought to have cognitive consequences involving stimulus evaluation and 
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attentional allocation. Hyperactivity in the BIS produces 'exaggerated' cognitive outputs, 
leading to an excessive negative bias that results in increased threat perception. The 
affective  consequence of  this  bias  results in  excessive  feelings  of  anxiety.  RST thus 
implies that anxiety not only depends on the activation of a neural system (i.e. the BIS), 
but  also  on  cognitive  information  processing,  sharing  the  acknowledgment  of  the 
important role of cognitions in the etiology of anxiety disorders with cognitive theories of 
anxiety (e.g.,  Beck & Clark, 1997; Beck, Emery, & Greenberg, 1985; Kendall,  1985; 
Mogg & Bradley, 1998). Cognitive theories of anxiety emphasize the adaptive qualities 
of normal anxiety.  Normal anxiety forms an innate survival and safety mechanism by 
alerting an individual  to possible  threat and by  preparing one for adaptive behavior. 
However, anxiety becomes pathological  when reactions to threat are inappropriately 
intense and prolonged due to overactive threat schemas. These dysfunctional threat 
schemas involve the overestimation of the likelihood and the severity of threat and the 
underestimation of one's personal coping capacities. As such, they give rise to cognitive 
biases relating to attention, evaluation and interpretation (e.g., Daleiden & Vasey, 1997; 
Muris & Field, 2008).
The  information-processing  paradigm  has  proven  to  be  a  fruitful  approach  to 
investigate the cognitive biases and distortions relevant for psychopathology, in both 
adults (e.g., Mogg & Bradley, 1998) and children (e.g., Bijttebier, Vasey, & Braet, 2003; 
Daleiden & Vasey, 1997; Muris & Field, 2008; Vasey & McLeod, 2001). A frequently 
used information-processing  model  to describe  cognitive  biases in  childhood anxiety 
was proposed by Crick and Dodge (1994). In their model,  there are six subsequent 
information-processing  stages  (encoding,  interpretation,  goal  clarification,  response 
construction,  response  selection,  enactment).  Although  Crick  and Dodge  presented 
their stages as unities, different behavioral and cognitive processes take place in each 
stage. For example, the outcome of the encoding stage involves the activation of several 
processes aimed at the selection of stimuli for further processing. In this stage, the 
three output modalities of the BIS can be identified. The inhibition output prepares for 
the orienting-investigating behavior necessary for the scanning of the environment. The 
evaluation  output  assigns  valence  to  stimuli.  Based  on  this  evaluative  outcome, 
processing  resources  are  assigned  to  relevant  stimuli.  As  such,  the  attentional 
outcome determines which stimuli are retained for further processing.
In  the  present  dissertation,  I  will  adopt  the  information-processing  paradigm to 
study the three functional  BIS-outputs (inhibition,  attention,  stimulus evaluation).  This 
approach, with focus on cognitive components of the RST, complements experimental 
performance-based studies focusing on conditioning and motivational  components of 
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RST.  Although  studies  investigating  cognitive  processes in  anxiety  are  not  primarily 
designed to test RST-related hypotheses (for an exception, see Field, 2006), they can 
provide valuable information on the functional aspects of BIS-activity (Avila & Torrubia, 
2008).  For  example,  studies  on  threat-related  attentional  bias  and  automatic 
evaluations suggest that anxious individuals (i.e. individuals with high BIS-activity) show a 
negative cognitive bias, consistent with the attention and stimulus evaluation output of 
the BIS (for reviews, see Bar-Haim, Lamy,  Pergamin,  Bakermans-Kranenburg,  & van 
IJzendoorn, 2007; Huijding, 2006; Puliafico & Kendall, 2006; Yiend, 2010).
THE PRESENT DISSERTATION:
BIS IN CHILDHOOD AND ADOLESCENT ANXIETY
The present dissertation aims to further our knowledge on the link between activity 
in the BIS and childhood and adolescent anxiety. In the second chapter, I will provide a 
brief overview of different methods to assess sensitivity and activity of the BIS. First, I 
will evaluate different self- and parent-report questionnaires measuring BIS-sensitivity. 
Following that, I will introduce the information-processing perspective when discussing 
the  possibility  of  using  cognitive  performance-based measures as  indicators  of  BIS-
activity. The empirical part of this dissertation (Chapters 3-6) will mirror this overview. In 
the first  study, data on self-reported BIS and BAS-sensitivity in  a sample of clinically 
anxious children and adolescents are presented (Chapter 3). The child version of the 
Carver  and  White  (1994)  BIS/BAS-scales  (Muris,  Meesters,  de  Kanter,  &  Eek 
Timmerman, 2005) was used to assess sensitivity of the Behavioral Inhibition and the 
Behavioral Activation System. Relations of BIS/BAS-sensitivity with trait anxiety, as well 
as with symptoms of anxiety and depression are investigated. Following this, there will 
be three chapters describing cognitive processes related to the functional outputs of 
the  BIS,  i.e.  inhibition  (Chapter  4),  stimulus  evaluation  (Chapter  5),  and  attention 
(Chapter 6). In Chapter 4, response inhibition in neutral and threatening situations is 
studied. We developed two pictorial  versions of the Stop Signal  Reaction Time Task 
(Logan,  Cowan, & Davis,  1984):  one with neutral and one with anxiety-relevant stop 
stimuli.  In  a  first  study,  the  validity  of  both  Stop  Tasks  versions  was  tested  in  a 
community  sample.  In  a  second  study,  it  was  tested  whether  inhibition  of  clinically 
anxious  children  was  increased  in  threatening  compared  to  in  neutral  situations. 
Relations between response inhibition and self-reported BIS-sensitivity are investigated. 
Chapter 5 deals with stimulus evaluation. In a first study, the development of a child-
18
friendly assessment tool to measure automatic evaluations is described, i.e. a pictorial 
version of the Extrinsic Affective Simon Task (De Houwer, 2003a). In a second study, 
this task is used to compare automatic evaluations in a sample of clinically anxious 
children  and  adolescents  with  those  of  a  community  youth  sample.  Relations  of 
automatic evaluations with self-reported trait-anxiety  (as an index of BIS-sensitivity) and 
parent-reported anxiety severity are reported. In Chapter 6, threat-related attentional 
processes in clinically anxious and non-clinical adolescents are studied using a pictorial 
dot  probe  detection  task  (Vasey,  Daleiden,  Williams,  &  Brown,  1995).  The  original 
paradigm was adapted to study initial and strategic attention by presenting stimuli at 
different  stimulus  durations  (500  ms  for  initial  attention,  1250  ms  for  strategic 
attention).  Links  with  Negative  Affectivity  (as  a  proxy  of  BIS-sensitivity),  regulative 
capacities and severity of internalizing problems are studied. Finally, in the conclusion 
and discussion section of my dissertation (Chapter 7),  I  will  provide a summary and 
evaluation of the main findings, I will describe implications for treatment and formulate 
suggestions for further research.
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II Assessment of the BIS
Although Gray's BIS-concept is widely used in both adult and child psychopathology 
research  (for  review,  see  Bijttebier  et  al.,  2009),  there  exists  no  agreed  upon 
measurement  procedure  to  assess  its  sensitivity  and  activity  level.  Several 
questionnaires have been used to assess vulnerability to BIS-activating stimuli (i.e. BIS-
sensitivity) (for a recent review, see Torrubia, Avila, & Caseras, 2008). Questionnaires, 
however, might not be optimal to study BIS-activity because they do not measure BIS-
activity per se: they only measure the behavioral responses that represent the utmost 
endpoint of BIS-activity  (Smillie,  2008).   For example,  because it  is very unlikely  that 
individuals  are  consciously  aware of  the  neurological  underpinnings of  the  BIS,  it  is 
implausible  to  assume  that  they  can  introspectively  report  on  their  BIS-activity.  To 
investigate the neurological workings of the BIS, several neuro- and psychophysiological 
paradigms  (e.g.,  electrodermal  activity,  specific  EEG-patterns,  cortisol  levels)  are 
frequently used as indicators for BIS-activity (for reviews, see De Pascalis, 2008 and 
Smillie, 2008)1. Additionally, BIS-outputs (behavioral inhibition, stimulus evaluation and 
selective attention) are more or less automatic responses to the adequate stimuli for 
anxiety.  Being automatic, they are also not accessible for introspection. Assessment 
techniques other than self-report (i.e. performance-based indirect instruments) must be 
used to assess the automatic processes that are functional outcomes of BIS-activity 
(for a complete account of automaticity and indirect measures, see De Houwer, 2006 
or Moors & De Houwer, 2006). With respect to measuring the automatic output of 
BIS-activity  (i.e.  inhibition,  evaluation  and  attention),  the  information-processing 
framework provides several suitable paradigms.
Below, I will describe several questionnaires measuring susceptibility to BIS-inputs 
(i.e.  BIS-sensitivity).  In addition to that, I  will  propose a performance-based paradigm, 
adopted  from information processing  research,  for  the  assessment  of  each of  the 
functional outputs of the BIS: behavioral inhibition, stimulus evaluation and attention (i.e. 
BIS-activity). 
1Although neuro- and psychophysiological measures are often used indicators for BIS-activity, they are beyond the scope of 
this dissertation.
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QUESTIONNAIRE MEASURES OF BIS-SENSITIVITY
Trait Anxiety or Neuroticism Scales
Because of  the strong association between BIS sensitivity  and other personality 
traits  like  trait  anxiety,  negative  affect  and  neuroticism,  several  researchers  use 
questionnaires  developed to  measure those traits  as  indices  of  BIS-sensitivity.  Gray 
himself (1982) suggested that the Manifest Anxiety Scale (Taylor, 1953) was a good 
measure of BIS-activity. In adult research, for example, the trait-scale of the State-Trait 
Anxiety Inventory (STAI–T; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) or 
the  Neuroticism  Scale  of  the  Eysenck  Personality  Questionnaire  (EPQ,  Eysenck  & 
Eysenck,  1975)  are  used  as  BIS-indices  (e.g.,  Gomez  &  Francis,  2003).  In  child 
psychopathology research, for example, the Neuroticism scale of Eysenck & Eysenck's 
(1975)  Junior  EPQ  or  the  Shyness  Scale  of  the  Early  Adolescent  Temperament 
Questionnaire Revised (EATQ-R; Putnam, Ellis, & Rothbart, 2001) are used as an index 
for BIS-sensitivity (e.g., Dietrich et al., 2009; Séguin, Arseneault, Boulerice, Harden, & 
Tremblay, 2002).
Despite the strong resemblance between BIS-sensitivity and other personality traits 
such as  trait  anxiety,  they  are not  identical.  Hence,  trait  anxiety  measures are  not 
optimal  BIS-measures.  Furthermore,  anxiety  questionnaires  assess anxious behavior 
rather  than  sensitivity  for  the  adequate  stimuli  for  anxiety  (such  as  punishment, 
frustrative  nonreward  and  novelty).  Alternatively,  several  measures  directly  derived 
from Gray's Reinforcement Sensitivity Theory (RST) have been developed in the field of 
adult inhibition research (for a recent review, see Torrubia, Avila & Caseras,  2008). 
Some  of  them  are  used  in  studies  with  children  or  adolescents  or  have  versions 
adapted for use with youth. Below, I will describe the questionnaires as they are used in 
child or adolescent samples, with a focus on the BIS-scales within these instruments 
(see Table 2.1).
RST-based questionnaires
The  Gray-Wilson  Personality  Questionnaire.  The  Gray-Wilson  Personality  Questionnaire 
(GWPQ;  Wilson,  Barrett,  &  Gray,  1989)  is  the  most  extensively  used  RST-based 
questionnaire in research with children and adolescents. The questionnaire consists of 
6  scales:  'Approach'  and  'Active  Avoidance'  (for  BAS),  'Passive  Avoidance'  and 
'Extinction' (for BIS), 'Flight' and 'Fight' (for FFS). BIS-related items include statements as 
'(I am) easily embarrassed' and '(I) stay out of way of people who are angry'. The original 
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adult questionnaire has been adapted for use with youth samples by removing items 
that were inappropriate for school-age children (e.g., items that referred to changing 
jobs  or  driving  a  car)  (Slobodskaya,  Safronova,  Knyazev,  &  Wilson,  2001).  Factor 
analysis of the 96 remaining items revealed two main orthogonal factors. One factor 
loaded on 'Passive Avoidance',  'Extinction' and 'Flight'  and was consistent with Gray's 
BIS-dimension.  The  second  factor  loaded  on  the  three  remaining  scales  and  was 
consistent with BAS. There are two short forms of the GWPQ, one with 28 items and 
one  with  24  items  (GWPQ-28,  Slobodskaya,  Knyazev,  Safronova,  &  Wilson,  2003; 
GWPQ-24,  Knyazev,  Slobodskaya,  Karchenko,  &  Wilson,  2004).  Both  short  forms 
consist of a BIS and a BAS-scale. The BIS scales were meaningfully related with self-
report scales measuring neuroticism (rs between .21 and .35; Knyazev et al., 2004; 
Knyazev  &  Slobodskaya,  2003,  2006;  Knyazev,  Slobodskaya,  Sofronova,  Sorokin, 
Goodman,  &  Wilson,  2003;  Knyazev  &  Wilson,  2004;  Slobodskaya  et  al.,  2001; 
Slobodskaya, Safronova, & Windle, 2005) and trait anxiety (r=.51; Knyazev, Bocharov, 
Slobodskaya, & Ryabichenko, 2008) and with scales measuring emotional problems (rs 
between .06 and .47; Knyazev & Wilson, 2004; Slobodskaya, 2007; Slobodskaya et al., 
2001, 2003, 2005). In addition to that, children and adolescents with high BIS-levels 
had more negative and hostile perceptions of happy, angry and neutral faces (Knyazev 
et al., 2008).
The  Carver  &  White  BIS/BAS-scales.  The  BIS/BAS-scales  by  Carver  and  White 
(BIS/BAS-scales, 1994) are the most frequently  used RST-scales in adult research. 
Several  versions  of  the  BIS/BAS-scales  are  used  with  children  and adolescents.  A 
parent-report  version  of  the  scales  was used to  assess  BIS  and BAS sensitivity  in 
toddlers  (aged  3 to  5).  BIS  was found to  be  related  with  fearful  temperament  (rs 
between .34 and .37, Blair, 2003; Blair, Peters, & Granger, 2004). When the original 
self-report scales were administered to adolescents (aged 12 to 16) and adults (aged 
21 to 40), the same four-factor structure was found in both age groups: one BIS-scale 
(with 7 items, e.g., 'I worry about making mistakes') and three BAS-scales ('Drive', 'Fun 
Seeking' and 'Reward Responsiveness') (Cooper, Gomez, & Aucote, 2007). BIS-scores 
were  related  with  measures  of  negative  affect  (r=.41),  fear  of  negative  evaluation 
(r=48) and social anxiety (r=.27 for social situations in general and r=.42 for new and 
unfamiliar social  situations) in a sample of children (aged 6 to 14) (Coplan,  Wilson, 
Frohlick, & Zelenski, 2006).  Although these studies suggested that the original adult 
version of the BIS/BAS-scales scales can be used in child and adolescent research and 
that BIS-  and BAS- scores from youngsters are comparable to scores from adults, 
there  are  different  age  downward  adaptations  of  the  original  scales.  Recently,  two 
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versions of a self-report child adaptation of the BIS/BAS-scales scales were published. 
Muris et  al.  (2005)  adapted the original  items to make them suitable for  use with 
children from 8 to 12. The BIS/BAS-scales for Children has a two-factor solution with a 
BIS and a BAS-factor.  Field (2006) also simplified the original BIS-scale for use with 
children under 10. His version correlated very highly (r=.87) with that of Muris et al. 
(2005). The BIS-factor was related to neuroticism (rs between .62 and .67; Bjørnebekk, 
2009; Muris et al., 2005), fearful temperament (r=.64, Muris, Meesters, van den Hout, 
Wessels, Franken, & Rassin, 2007), negative affect (r=.44; Bjørnebekk, 2009), anxiety 
and depression symptoms (rs between .50 and .58 and  r=.29 for self-report,  r=.39 
and  r=.15 for parent-report;  Field,  2006;  Muris  et  al.,  2005),  social  phobia (r=.70; 
Sportel, Nauta, de Hullu, de Jong, & Hartman, in preparation) and emotional problems 
(rs between .60 and .63 for self-report,  r=.27 for parent-report, Muris et al.,  2005, 
2007).  Furthermore, high BIS-scores were predictive of an attentional  bias towards 
threat and of behavioral avoidance in an approach task with unknown stimuli that were 
described  as  threatening  (Field,  2006).  BIS-scores  also  moderated  the  effect  of 
threatening information on the physiological responses during the approach task (Field 
& Price-Evans, 2009).
The Susceptibility  to Punishment  and Sensitivity  to Reward Questionnaire.  The 'Sensitivity  to 
Punishment and Sensitivity to Reward Questionnaire' is a 48-item measure for both BIS 
and BAS (SPSRQ; Torrubia, Avila, Molto, & Caseras, 2001). A Junior self-report version 
of the SPSRQ has been developed, although it has not yet been published (Torrubia, 
Garcia-Carillo, Avila, Caseras, & Grande, in preparation; in Torrubia, et al., 2008). There 
is also a parent-report version of the SPSRQ available in which items inappropriate for 
children or problematic in factor analysis in adults were removed or reworded (Colder 
& O'Connor,  2004).  Factor  analysis  of  the  33 remaining  items revealed  a  4-factor 
solution. One factor represents Sensitivity to Punishment (SP) or BIS. The other three 
factors represent three components of Sensitivity to Reward (SR) or BAS (i.e. drive, 
reward responsivity, impulsivity/fun seeking). Fifteen items make up the BIS-scale and 
include statements as 'Criticism or scolding hurts your child very much'.  BIS-scores 
were associated with internalizing problems (r=.40). In addition to that, high BIS-scores 
were  related  to  greater  inhibition  in  response  to  punishment  cues  (but  not  with 
responsiveness  to  reward  cues)  on  a  point  scoring  reaction  time  task  (Colder  & 
O'Connor, 2004).
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Table 2.1 RST-based questionnaires for children
Authors Year Scale (items) Sample 
Characteristics
Validated 
against
      α
N Age
Slobodskaya,  Safronova, 
Knyazev, & Wilson
2001 GWPQ-s (24) 251 14-16 EPQ
CBCL
RTQ
YSR
<.60
Knyazev & Slobodskaya 2003 GWPQ (96) 99 11-16 JEPQ-si n/r
Knyazev, Slobodskaya, 
Sofronova,  Sorokin,  Goodman,  & 
Wilson
2003 GWPQ-s (24) 146 7-17 JEPQ-si
CBCL
SDQ
YSR
n/r
Slobodskaya,  Knyazev, 
Safronova, & Wilson
2003 GWPQ (96) 454 11-17 SDQ .74
GWPQ-s (28) 108 11-16 n/a .64
Knyazev,  Slobodskaya, 
Karchenko & Wilson
2004 GWPQ-s (24) 4501 14-25 JEPQ-si .69
Knyazev & Wilson 2004 GWPQ-s (28) 768 11-17 EPQ-si
SDQ
.75
Slobodskaya,  Safronova  & 
Windle
2005 GWPQ-s (24) 255 14-16 JEPQ-si
DOTS-R
RTQ
SDQ
<.60
Knyazev & Slobodskaya 2006 GWPQ-s (28) 1015 10-18 EPQ-si
ICID
SDQ
.69
Slobodskaya 2007 GWPQ-s (24) 1013 10-18 ICID
SDQ
.69
Knyazev, Bocharov, Slobodskaya 
& Ryabichenko
2008 GWPQ-s (28) 292 11-25 STAI-T n/r
Blair 2003 BIS/BAS-p (20) 42 4-6 CBQ n/r
Blair, Peters, & Granger 2004 BIS/BAS-p (20) 170 4-6 CBQ .74
Coplan,  Wilson,  Frohlick,  & 
Zelenski
2006 BIS/BAS (20) 95 6-14 PANAS-c
SASC-R
.66
Cooper, Gomez & Aucote 2007 BIS/BAS (20) 300 12-16 n/a .68
Muris,  Meesters  de  Kanter,  & 
Eek-Timmerman
2005 BIS/BAS-c (20) 284 8-12 JEPQ
SDQ-c/p
RCADS-c/p
.78
Field 2006 BIS/BAS-c (20) 30 8-9 SCARED .75
BIS-c (7) 29 7-10 n/a
BIS-c (5) 60 6-9 n/a
BIS-c (5) 127 6-9 n/a
Muris,  Meesters, van den Hout, 
Wessels, Franken, & Rassin
2007 BIS/BAS-c (20) 132 12-13 EATQ-R
SDQ-c
.73
Bjørnebekk 2009 BIS/BAS-c (20) 661 11-12 JEPQ-si
PANAS-c
.73
Sportel,  Nauta,  de  Hullu,  de 
Jong, & Hartman
in 
prep
BIS/BAS-c (20) 1806 12-14 RCADS-c .73
Colder & O'Connor 2004 SPSRQ (34) 63 9-12 CBCL .87
Note. CBCL:  Child  Behavior  Checklist;  CBQ:  Child  Behavior  Questionnaire;  BIS/BAS(-c/p):  Carver  &  White  BIS/BAS-
scales(child/parent report); DOTS-R: Dimensions of Temperament Survey - Revised; EATQ-R: Early Adolescent Temperament 
Questionnaire -  Revised; EPQ(-si):  Eysenck Personality  Questionnaire (short  inventory) GWPQc(-s): Gray-Wilson Personality 
Questionnaire (short  form);  ICID:  Inventory of  Child  Differences;  n/a:  not  applicable;  n/r:  not reported;  JEPQ(-si):  Junior 
Eysenck Personality  Questionnaire (short  inventory);  PANAS-c:  Positive Affect  and Negative Affect Schedule for  Children; 
RCADS-p/c):  Revised  Child  Anxiety  and  Depression  Scale,  short  form  (parent/child  version);  RTQ:  Rutter  Teacher 
Questionnaire; SASC-R: Social Anxiety Scale for Children - Revised; SCARED: Screen for Child Anxiety Related Disorders; STAI-
T: State Trait Anxiety Inventory, trait scale; YSR: Youth Self-Report
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Conclusion
This overview of studies (Table 2.1) using BIS-measures based on RST shows that 
BIS-sensitivity can be measured reliably and validly in community samples, using either 
self-report  or parent report.  All  BIS-scales described here,  have acceptable internal 
reliabilities as indicated by Cronbach's alpha coefficients. All BIS-scales are meaningfully 
related  to  questionnaires  measuring  relevant  concepts  (e.g.,  Neuroticism,  Negative 
Affect,  trait  anxiety).  In addition to that, the few studies investigating the association 
between BIS-sensitivity and information processing suggest the predictive validity of the 
BIS-concept  for  anxiety  related  cognitive  processes  (Field  &  Price-Evans,  2009; 
Knyazev, et al., 2008). 
Notwithstanding the favorable psychometric properties of all these scales, the use 
of  different  questionnaires makes it  difficult  to compare and integrate results from 
several  studies  (Caseras,  Avila,  &  Torrubia,  2003;  Torrubia  et  al.,  2008).  While 
developed to assess RST-related concepts,  the GWPQ,  BIS/BAS-scales and SPSRQ 
differ in the exact content they assess. In GWPQ and SPSRQ, BIS-related items assess 
reactions to typical situations with specific aversive stimuli (e.g., GWPQ: ‘I would panic in 
an earthquake'; SPSRQ: ‘When in a group, your child has difficulty thinking of something 
to  say'),  whereas  in  the  BIS/BAS-scales,  items  refer  to  non-specific,  more  general 
aversive situations (e.g., ‘I am very fearful compared to my friends'). 
When information on gender difference is provided, BIS-scores are higher in girls 
than  in  boys  in  most  studies  (e.g.,  Slobodskaya  et  al.,  2003;  Sportel  et  al.,  in 
preparation), but not in all (e.g., Blair et al., 2004; Coplan et al., 2006). 
Although  studies  using  BIS-questionnaires  yield  interesting  results,  further 
examination of BIS-instruments is necessary. One major limitation of the RST research 
at the moment is that, in contrast to research with adults where the new perspective is 
adopted (e.g., Heym, Ferguson, & Lawrence, 2008; Jackson, 2009), none of the studies 
with young participants are based on the revised RST model.
Moreover, although RST is often used as a framework for studying psychopathology, 
and high BIS and low BAS have been studied as a vulnerability factor for social anxiety 
and depression respectively (Hamill, Scott, Dearing, & Pepper, 2009; Sportel, et al., in 
preparation), up until now, none of the questionnaires used with children or adolescents 
are validated in clinical youth samples. As such, information on BIS-sensitivity in clinically 
anxious children and adolescents is lacking.
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INFORMATION PROCESSING PARADADIGMS 
AS MEASURES OF BIS-ACTIVITY
In the remainder of this chapter, I  will  describe performance-based measures to 
assess  the  automatic  processes  related  to  BIS-activity.  Most  performance-based 
measurements used in RST-research involve the input of the BIS, concentrating on the 
‘punishment'  value  of  the  paradigm (for  reviews,  see Avila  & Torrubia,  2008;  Corr, 
2004). My focus, however, will be on paradigms that are relevant for the three output 
modalities  of  the  BIS:  inhibition,  evaluation  and  attention.  As  such,  I  propose  an 
information-processing  framework  to  study  the  cognitive  processes  and  biases 
associated with BIS-(over)activity and anxiety. 
In the first part, I will discuss studies examining inhibition in anxiety with the Stop 
(Signal Reaction Time) Task. In the second part, I will describe how automatic stimulus 
evaluations can be assessed using different indirect measures. In the third part, I will 
discuss recent  issues in  the  assessment of  anxiety-related attentional  processes in 
children and adolescents using the Dot Probe Detection Task. 
Inhibition measured with the Stop Signal Paradigm
Activity in the BIS gives rise to the inhibition of ongoing motor behavior (e.g., Gray, 
1982). Therefore, it can be expected that anxiety is associated with increased levels of 
response inhibition. One of the most extensively used inhibition paradigms is the Stop 
Signal Reaction Time Task (Logan & Cowan, 1984; Logan, et al., 1984). Although the 
paradigm is originally described as pertaining to the inhibition of both behavioral and 
cognitive responses, it is mainly been used as a measure of response inhibition and an 
analogue for everyday life stopping (Nigg, 2000). 
Although the stop task is found to be a valid and reliable index of Gray's BIS concept 
(Daugherty & Quay, 1991; Kindlon, Mezzacappa, & Earls, 1995) and in contrast to the 
large  number  of  stop  task  studies  investigating  inhibitory  deficits  in  externalizing 
problems (for recent reviews see Alderson, Rapport, & Kofler, 2007; Lijffijt, Kenemans, 
Verbaten, & van Engeland, 2005), stop task studies on inhibition in anxiety are scarce 
and  have  yielded  virtually  no  support  for  the  hypothesized  enhanced  inhibition  in 
childhood anxiety. Although comorbid anxiety problems seem to decrease the inhibition 
deficits typically found in ADHD, inhibition in anxious children (with or without ADHD, 
aged  6-14)  was  not  increased  compared  to  control  children  (Korenblum,  Chen, 
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Manassis, & Schachar, 2007; Manassis, Tannock & Barbosa, 2000; for meta-analysis 
of studies published between 1990 and 1997, see Oosterlaan,  Logan, & Sergeant, 
1998). 
There  are  methodological  and  theoretical  explanations  for  the  difficulty  to  find 
evidence for increased inhibition in anxiety (also see Oosterlaan et  al.,  1998).  Most 
studies focus on deficient inhibition in externalizing problems, and include participants 
with emotional problems only as pathological controls for participants with ADHD (e.g., 
Korenblum et al., 2007). In such a psychiatric control group, participants with anxiety 
and/or depression  problems are  merged in  one group with  emotional  internalizing 
problems.  As  such,  it  is  impossible  to  draw conclusions  on how anxiety  alone  may 
influence inhibition. When studying inhibition in anxiety, participants in the anxious group 
should be carefully selected and diagnosed with a primary anxiety diagnosis. Moreover, 
most stop task studies involve only small samples (e.g., Manassis et al. 2000), and thus 
may lack sufficient power to detect possible group differences between anxious and 
non-anxious participants. Consistent with this, when adopting a dimensional perspective 
on psychopathology, it was  found that increasing levels of internalizing problems were 
related  to  increasing  inhibition  (Kooijmans,  Scheres,  &  Oosterlaan,  2000).  The 
theoretical explanation for the lack of evidence for increased inhibition in anxiety directly 
relates to Gray's original suggestion that the BIS gets activated by adequate stimuli for 
anxiety (i.e. aversive and threatening stimuli) (1982; 1987). Therefore, the hypothesized 
enhanced inhibition in  anxiety would only  become apparent in threatening situations 
(Oosterlaan et al., 1998). Consistent with this, increased inhibition related to anxiety is 
found  in  a  study  using  the  change  task,  a  more  complex  variant  of  the  stop  task 
(Oosterlaan & Sergeant, 1998). It can be assumed that children experience the more 
complex task as more threatening, especially when they are anxious. Surprisingly, the 
idea  that  inhibition  in  anxious  participants  would  only  be  enhanced  in  threatening 
situations has never been tested directly. Comparing inhibitory capacities of clinically 
anxious children and adolescents in threatening and non-threatening situations might 
be  a  fruitful  way  to  investigate  the  inhibition  output  of  BIS-activity.  In  the  present 
dissertation, inhibition in threatening and non-threatening situations is studied using an 
anxiety-relevant and a neutral version of the Stop Stimulus Reaction Time Task.
Stimulus evaluation measured with the Extrinsic Affective Simon Task
A second functional output of the BIS implies a negative bias in the evaluation of 
stimuli (Gray & McNaughton, 2000). Various so called implicit measures (e.g., Implicit 
Association  Test,  IAT,  Greenwald,  McGhee,  &  Schwarz,  1998;  Affective  Priming 
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Paradigm, APP, Fazio, Sanbonmatsu, Powell, & Kardes, 1986; Extrinsic Affective Simon 
Task, EAST, De Houwer, 2003a) have been developed to assess automatic evaluations 
in social psychology (for review, see Fazio & Olson, 2003), addiction research (for meta-
analysis, see Rooke, Hine, & Thorsteinsson, 2008), and clinical psychology (for review, 
see Huijding, 2006). Automatic evaluations can be measured in participants as young 
as  six  years.  The  IAT,  for  example,  has  been  used  to  study  the  racial  attitudes  of 
children and adolescents aged 6 to 16 (e.g., Dunham, Baron, & Banaji, 2008; Baron & 
Banaji, 2006; Rutland, Cameron, Milne, & McGeorge, 2005; Sinclair, Dunn, & Lowery, 
2005).  In  addition,  both  the  IAT  and  the  EAST  were  used  to  examine  automatic 
evaluations  of  food  in  children  with  and  without  obesity  aged  13-16  (Craeynest, 
Crombez,  Haerens,  &  De  Bourdeauhuij,  2007;  Craeynest,  Crombez,  De  Houwer, 
Deforche,  Tanghe,  & De Bourdeauhuij,  2005) and to study predictors  of substance 
abuse in adolescents (e.g.,  Ames, Grenard,  Thush,  Sussman, Wiers,  & Stacy,  2007; 
Thush, Wiers, Ames, Grenard, Sussman, & Stacy, 2007).
Implicit measures such as the IAT and the EAST have also been used to assess 
automatic  evaluations  in  anxiety.  In  adult  anxiety  research,  disorder  specific  biased 
automatic evaluations have been found in social anxiety (e.g., de Jong, Pasman, Kindt, & 
van  den  Hout,  2001)  and  in  fear  of  spiders  (e.g.,  Huijding  &  De  Jong,  2005a; 
Teachman,  Gregg,  &  Woody,  2001;  for  review,  see  Huijding,  2006)  using  both 
paradigms. Research on automatic evaluations in childhood anxiety, however, is scarce 
and all studies so far have failed to find an association between automatic evaluations 
and anxiety (for review, see Huijding, Wiers & Field, 2010). Automatic processing of 
pleasant  and  threat-related  pictorial  stimuli  measured  with  the  Affective  Priming 
Paradigm did not differ between clinically anxious and matched non-anxious children 
(n=50,  aged  7-14)  (Spence,  Lipp,  Liberman,  &  March,  2006).  In  a  large  sample 
(n=770) of adolescents (aged 12-15) at risk for social phobia, implicit self-evaluations 
measured with the IAT were not related to self-reported social anxiety (Sportel, de Hullu, 
de Jong, Nauta, & Minderaa, 2007, July). 
One possible explanation why those studies failed to find evidence for an association 
between  automatic  evaluations  and  anxiety  might  relate  to  the  lower  sensitivity  of 
indirect instruments when used with children. It is possible that these instruments do 
not yield the same effects and effect sizes for children as they do for adults, for example 
because children are more easily distracted than adults (Vasey, Dalgleish, & Silverman, 
2003). Another likely factor is that most indirect measures, even when used with adult 
participants, suffer from low reliability (e.g., De Houwer & De Bruycker, 2007; Schmukle 
&  Egloff,  2006).  Since  the  validity  of  an  instrument  is  bound  by  its  reliability  (e.g., 
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Carmines & Zeller, 1979), poor internal reliability can be one reason why it is difficult to 
find associations between automatic evaluations and anxiety. These issues point to the 
importance of using age-appropriate, reliable instruments when investigating anxiety-
related information processes. 
In  the  present  dissertation,  a  pictorial  version  of  the  EAST  is  used  to  assess 
automatic  anxiety-relevant  evaluations.  There  are  several  reasons  for  choosing  the 
EAST  over  other  indirect  paradigms.  One  major  advantage  of  the  EAST  is  that  it 
assesses  simple  (i.e.  non-relative)  evaluations  (e.g.,  one  has  positive  evaluations  of 
flowers), whereas the IAT only assesses relative evaluations (e.g., one has more positive 
evaluations of flowers than of insects). The EAST has been used in previous studies with 
young participants (e.g., Ames et al., 2007; Craeynest et al., 2005; Huijding & de Jong, 
2005b;  Thush  et  al.,  2007),  suggesting  that  the  paradigm  can  provide  a  valid 
assessment of automatic evaluations in youth samples. Although internal reliability of 
the original  verbal  EAST tends to be low, the pictorial  version of the EAST provided 
somewhat  better  results.  This  improvement  in  reliability  might  be  related  to  the 
possibility that pictures are ecologically more valid and have a more direct access to 
emotional  information in memory (De Houwer & De Bruycker,  2007; Huijding & de 
Jong, 2005a, b). Using pictorial instead of verbal stimuli has the additional advantage of 
overcoming the differences in reading abilities in studies with children of different age 
groups. As such, we regard the pictorial EAST might be a promising instrument to use 
when investigating the evaluation output of BIS-activity.
Selective attentional bias measured with the Dot Probe Paradigm
Besides inhibition and stimulus evaluation, a third function of BIS-activity relates to 
attentional processes. One of the most popular paradigms used to study anxiety-related 
attentional  allocation  in  children  and  adolescents  is  the  Dot  Probe  Detection  Task 
(Vasey et al.,  1995). Attentional allocation on different time points can be studied by 
using different stimulus exposure durations.  For  example,  when stimulus duration is 
short  (e.g.  200 ms)  initial  attention  is  assessed,  while  at  longer  stimulus  duration 
(e.g.1250 ms) more strategic attentional processes can be studied.
Several studies provide evidence that anxiety is associated with biased attentional 
processing (for meta-analysis and review, see Bar-Haim et al. 2007; Puliafico & Kendall, 
2006; Yiend, 2010). However, while the evidence for threat-related attentional bias in 
anxious adults is quite convincing, results from studies with children and adolescents 
yield  smaller  effect  sizes  and  are  far  less  consistent  (e.g.,  Bar-Haim et  al.,  2007; 
Puliafico & Kendall,  2006; Van Damme & Crombez,  2009).  Whereas some studies 
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found  evidence  for  attentional  bias  towards  threat  (e.g.,  Reid,  Solmon,  &  Lovibond, 
2006; Vasey et al., 1995), others failed to do so (e.g., Benoit, McNally, Rapee, Gamble, 
& Wiseman, 2007; Legerstee et al.,  2009; Lonigan & Vasey, 2009; Waters, Mogg, 
Bradley, & Pine, 2008; Watts & Weems, 2006) or found attentional avoidance related 
to threat (e.g., Kallen, Ferdinand, & Tulen, 2007; Morren, Kindt, Van den Hout, & Van 
Kasteren,  2003).  Furthermore,  it  is  unclear  whether  attentional  bias  for  threat  is 
present in both clinically  anxious and non-clinically  anxious children and adolescents. 
Whereas studies  with  adult  participants  suggest  that  attentional  bias  for  threat  is 
confined to anxious individuals, this seems not to be the case in youth. In some studies, 
attentional bias towards threat was restricted to anxious youth (e.g., Roy et al., 2008), 
whereas other studies found attentional bias in both clinically anxious and non-clinical 
children (e.g., Waters, Wharton, Zimmer-Gembeck, & Craske, 2008). Taken together, 
results of recent studies suggest that the link between attentional bias and anxiety is 
not as robust as once thought,  at least not in children and adolescents. Procedural 
(e.g.,  paradigm, exposure time) or person-related variables (e.g.,  age,  clinical vs.  non 
clinical anxiety, state or trait anxiety, temperament) seem to moderate the attentional 
bias effect and its relation with anxiety (Bar-Haim et al., 2007; Helzer, Connor-Smith, & 
Reed, 2009; Kindt & van den Hout, 2001; Lonigan, Vasey,  Phillips, & Hazen, 2004; 
Perez-Olivas, Stevenston, & Hadwin, 2008).
Lonigan  and  colleagues  (2004)  proposed  a  model  in  which  temperament 
moderates  the  relation  between  attentional  processes  and  anxiety  (Figure  2.1). 
According to the model,  high levels  of reactive temperament (comparable with high 
levels  of  BIS-activity)  are  associated  with  an  initial  attentional  bias  towards  threat-
related information. This combination of high reactivity and attentional focus on threat 
potentially causes the onset of anxiety disorders. Regulative temperamental processes 
(as effortful control) however, moderate the relationship between attentional bias and 
anxiety. High levels of regulative control enable individuals to override the initial reactive 
attentional  bias,  and  thus  serve  as  a  protective  factor  against  the  development  of 
pathological anxiety. Low levels of regulative control, however, prevent individuals from 
overriding the initial reactive bias. As such, they remain stuck with a later attentional 
bias which could result in anxiety disorders.
Studying threat-related attentional biases is an interesting approach to investigate 
the attention output of BIS-activity. By studying a model in which attention is linked to 
reactivity,  regulative capacities and anxiety problems, knowledge on the associations 
between  personality/temperament  and  psychopathology  can  be  increased.  In  the 
present  dissertation,  a dot probe task with  different stimulus exposure durations is 
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used to test the Lonigan et al. (2004) model on the relations between temperament, 
attentional bias and anxiety severity.
Figure 2.1 Model of the interactive effects of reactive and regulative temperament as a 
risk factor for anxiety, mediated by attentional processes (adapted from Lonigan et al., 2004).
Conclusion
Although inhibition, automatic evaluations and attentional processes are frequently 
studied as cognitive correlates of anxiety,  results are seldom interpreted in terms of 
BIS-activity (for a different view, see Avila & Torrubia, 2008). Nevertheless, it might be a 
valuable approach to study BIS-activity from an information-processing paradigm, and 
investigate cognitive processes as indices of functional BIS-outputs (Chapters 4-6).
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III BIS-sensitivity :: Self-reported BIS/BAS-sensitivity 
SENSITIVITY OF GRAY'S BEHAVIORAL INHIBITION SYSTEM IN CLINICALLY 
ANXIOUS AND NON-ANXIOUS CHILDREN AND ADOLESCENTS 
Abstract The child version of the Carver and White (1994) BIS/BAS-scales (Muris et 
al., 2005) was used to assess sensitivity of the Behavioral Inhibition and the Behavioral 
Activation System in clinically anxious and non-anxious youth (n=175, ages 8-18 years, 
70  boys).  Results  supported  the  hypothesis  that  clinical  anxiety  is  associated  with 
overactivity  in  the  BIS  (Gray,  1982).  Consistent  with  the  revised  Reinforcement 
Sensitivity Theory (Gray & McNaughton, 2000) the BIS-scale consists of two subscales, 
one measuring BIS_Anxiety and one measuring FFFS_Fear. BIS-scores were higher in 
the anxious sample than in the non-anxious sample. BAS-scores were equal.  Higher 
levels  of  BIS-activity  were  related  with  an  increase  in  symptoms  of  anxiety  and 
depression.  BIS-scores  were  higher  in  girls  than  in  boys,  there  were  no  gender 
differences in BAS-scores. 
Vervoort, L., Wolters, L.H., Hogendoorn, S.M, de Haan, E., Boer, F., & Prins, P.J.M. (2010). Sensitivity of Gray's 
Behavioral Inhibition System in clinically anxious and non-anxious children and adolescents.  Personality and 
Individual Differences, 48, 629-633.
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Gray's  Reinforcement  Sensitivity  Theory  (RST;  1982)  postulates  how  behavior 
follows from activity in two major brain systems: the Behavioral Approach (BAS) and the 
Behavioral  Inhibition  System  (BIS).  Both  systems  function  independently  from  one 
another  and  are  sensitive  to  different  types  of  reinforcement.  The  BIS  constitutes 
sensitivity  to  punishment  and  conditioned  aversive  stimuli,  the  BAS  involves 
responsiveness  to  reward  and  other  appetitive  stimuli.  Activity  in  both  systems  is 
related  with  different  emotional  and  behavioral  consequences.  BIS-activity  leads  to 
feelings of anxiety and initiates behavioral inhibition. BAS-activity is linked with positive 
feelings and triggers approach behavior.
In addition to its involvement in normal behavior, activity in both systems is thought 
to underlie different types of psychopathology (e.g., Gray, 1982; Kimbrel, 2008; Quay, 
1988). Overactivity of the BIS is assumed to be a vulnerability factor for internalizing 
problems. Underactivity of the BIS and overactivity of the BAS (or a combination) are 
thought to be risk factors for externalizing problems. Empirical studies provide evidence 
for the association of BIS and BAS with various psychopathological symptoms in adults 
(for review, Bijttebier et al., 2009). For example, overactivity in the BAS is found to be 
associated with Attention Deficit Hyperactivity Disorder and psychopathy (e.g., Mitchell 
&  Nelson-Gray,  2006;  Uzieblo,  Verschuere,  &  Crombez,  2007),  while  high  BIS  is 
associated  with  symptoms of  anxiety  and depression  (e.g.,  Kimbrel,  Nelson-Gray,  & 
Mitchell, 2007). Research on the role of BIS/BAS-sensitivity in youth psychopathology 
is  based  on  work  by  Herbert  Quay  (1988,  1997)  who  developed  a  theoretical 
framework  for  internalizing  and  externalizing  behavior  in  children,  based  on  Gray's 
model. Consistent with the assumptions in adult psychopathology research, Quay linked 
childhood emotional and behavioral problems to inadequate activation of the BIS, the 
BAS  or  both  systems.  Evidence  for  the  role  of  BIS  and  BAS  in  childhood 
psychopathology is provided by studies using performance based measures as indices 
of  BIS/BAS-activity.  For  example,  overactivity  of  the  BAS  in  children  with  conduct 
disorder and comorbid ADHD is found in studies using reward contingency tasks (e.g., 
Matthys, Van Goozen, De Vries, Cohen-Kettenis, & Van Engeland, 1998). Evidence for 
increased BIS-activity  in  clinically  anxious children  has  been  found  using  an  anxiety-
specific  version  of  the  stop  task  (Vervoort,  Hogendoorn,  Wolters,  Geurts  et  al., 
submitted). 
Several studies used parental rating scales to explore the role of BIS and BAS in 
internalizing and externalizing behavior in community samples of non-selected children 
and  adolescents  (Blair,  2003;  Colder  &  O'Connor,  2004).  Studies  with  self-report 
questionnaires show that children can provide valid indices for BIS/BAS-sensitivity (e.g., 
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Muris,  et  al.,  2005;  Slobodskaya  et  al.,  2003).  The  BIS/BAS-scales  by  Carver  and 
White  (1994)  are  the  most  extensively  used  self-report  BIS/BAS-measures.  The 
original questionnaire, developed for adults, contained 20 items and 4 scales: a BIS-
scale (with 7 items, e.g., 'I worry about making mistakes') and three BAS-scales. When 
the  original  adult  version  of  the  BIS/BAS-scales  was administered to  a community 
sample of children between 6 and 14 years, meaningful relations between BIS/BAS-
scores and symptoms of anxiety and depression have been found (Coplan et al., 2006). 
Although this suggests that the adult version of the BIS/BAS-scales can be used with 
young participants, Muris and colleagues (2005) developed an age downward version 
of  the  questionnaire.  Factor  analysis  showed  that  this  child  version  contained  two 
factors: one for BIS-sensitivity and one for BAS-sensitivity. In community samples, BIS-
scores were positively  correlated with  Neuroticism and negatively  with Extraversion. 
BAS-scores were  positively  related  to  both  Neuroticism and Extraversion.  High  BIS-
scores were associated with more emotional problems, whereas high BAS-scores were 
related  with  more  externalizing  problems  (Bjørnebekk,  2009;  Muris  et  al.,  2005; 
Sportel et al., in preparation).
Despite the relevance of the BIS/BAS-model for childhood psychopathology, there 
are no studies validating the Carver & White (1994) BIS/BAS-scales in clinical youth 
samples.  Although  studies  in  community  samples  suggest  that  extreme  BIS/BAS-
scores  are  risk  factors  for  psychological  disorders  (Sportel  et  al.,  in  preparation), 
knowledge of BIS/BAS-profiles in youth who already have developed psychopathology is 
still limited. Therefore, the current study used the child version of the BIS/BAS-scales 
(Muris et al., 2005) to compare BIS/BAS-sensitivity between clinically anxious and non-
anxious children and adolescents. We expected BIS-scores, but not BAS-scores, in the 
clinical sample to be higher than in the non-anxious sample. Additionally, we examined 
associations between BIS/BAS-sensitivity and emotional problems. We expected high 
BIS-scores to be associated with an increase in emotional symptoms (both anxiety and 
depression).  BAS-scores were expected not to be correlated with anxiety,  but to be 
negatively associated with depression symptoms.
Although  the  core  assumption  regarding  the  relation  between  BIS  and  anxiety 
disorders (i.e. anxiety involves hyperactivity in the BIS) still holds, Gray's original model 
(1982) has been revised several times. One adaptation involves the relation between 
BIS and BAS. Gray stated that both systems were independent from one another (i.e. 
the separable subsystems hypothesis, Pickering, 1997). Since there was only limited 
support for two orthogonal systems, Corr (2001, 2002) suggested that, under normal 
conditions,  the BIS and BAS might  be interdependent  and have a joint  influence on 
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behavior.  Consistent  with  this  so-called  joint  subsystems  hypothesis,  BIS  and  BAS 
scores were correlated in community samples of children and adolescents (Bjørnebekk, 
2009; Muris et al., 2005). In extreme cases, as in the presence of anxiety disorders, 
however, Corr expected both systems to act independently as separate systems, since 
the overactive BIS disproportionately suppresses the influence of the BAS. We will test 
whether BIS and BAS will jointly predict anxiety symptoms.
Another adaptation to the model (Gray, 1987; Gray & McNaughton, 1996, 2000) 
relates to its focus on a third system, the Fight-Flight-Freeze System (FFFS), which is 
activated  by  conditioned  and  unconditioned  aversive  stimuli  and  initiates  escape 
behavior. Similarly to the proposed involvement of BIS in feelings of anxiety, the FFFS is 
thought to underlie emotions of fear and panic. While overactivity in the BIS is assumed 
to be an underlying factor in all anxiety disorders, overactivity in the FFFS is assumed to 
be related to panic disorder, social phobia and specific phobia (Gray & McNaughton, 
2000; Kimbrel, 2008; Zinbarg & Yoon, 2008). Empirical research on this third system 
is still scarce (Bijttebier et al., 2009), in part because most existing measures to test 
Gray's  theory  are  based on  the  original  BIS/BAS-model  and do  not  yield  separate 
scores for  BIS and FFFS-sensitivity  (Carver  & White,  1994;  Muris  et  al.,  2005;  for 
exception see Jackson, 2009). However, BIS-items in the Carver & White BIS/BAS-
scales  might  tap both  systems (Corr  & McNaughton,  2008).  Indeed,  the  BIS-scale 
seems to incorporate two oblique subscales: BIS-Anxiety (4 items, e.g., 'I worry about 
making  mistakes')  and  FFFS-Fear  (3  items,  e.g.,  'I  have  few fears  compared to  my 
friends') (Heym et al., 2008). We will test whether this two-factor structure can also be 
extracted from the BIS-scale in our youth sample and we hypothesized that BIS-Anxiety 
would be associated with all anxiety disorder symptoms, whereas FFFS-Fear would be 
mostly associated with symptoms of panic disorder and social phobia.
Method
Participants
Participants  were  175  children  and  adolescents  (aged  8  to  18  years  old, 
M=13.11, SD=2.53). Sixty participants (20 boys), recruited in a secondary school in a 
Dutch  urban  region,  were  included  in  the  control  group  (CON)  if  no  (sub-)clinical 
internalizing problems were reported by the parents on the Child Behavior Checklist 
(T<65;  which  corresponds  to  the  bottom  93  percent  of  the  general  population; 
Achenbach & Rescorla,  2001;  Verhulst  & van der Ende,  2001)  and if  they  had no 
treatment history.
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Hundred  fifteen  anxiety  disordered  children  and  adolescents  (50  boys)  were 
included in the clinically anxious group (ANX). All were referred to one of two outpatient 
child  psychiatric  units  in  the  Netherlands  (de  Bascule,  Amsterdam  and  Accare, 
Groningen). Anxiety diagnoses according to the DSM-IV-criteria were based on a semi-
structured diagnostic interview, the Anxiety Disorders Interview Schedule for DSM-IV – 
Child and Parent Version (ADIS-IV:C/P, Silverman & Albano, 1996; Siebelink & Treffers, 
2001). Based on parent and child interviews, a clinical diagnosis with clinician severity 
rating (CSR, ranging between 1 and 8) was provided.  Children were included in the 
ANX-group when the CSR was 4 or higher (indicative for clinical anxiety diagnosis) on at 
least  one  anxiety  disorder.  Primary  diagnoses  included  Social  Phobia  (SP,  33.3%), 
Separation  Anxiety  Disorder  (SAD,  13.9%),  Specific  Phobia  (20.4%),  Generalized 
Anxiety Disorder (GAD, 22.2%) and Panic Disorder with or without Agoraphobia (PD, 
10.2%). There was considerable anxiety comorbidity: 68.4% of the anxious participants 
received two or more anxiety diagnoses (75.7%), an additional mood disorder diagnosis 
(18.6%), or a comorbid ADHD diagnosis (5.7%). All participants were free of anxiolytic 
medication and they  had not  received  cognitive  behavioral  therapy  for  their  anxiety 
disorder in the last 6 months prior to inclusion in the study. Before treatment, children 
and parents were asked to participate in a study on mediators and moderators of CBT 
for anxiety. Participants filled out the questionnaires during a one-hour individual test 
session, in the presence of one experiment leader. After this test session, participants 
in the ANX-group received CBT.
The  study  design  was  approved  by  the  medical  ethics  committee  of  both 
participating clinics. Written informed consent was obtained from both children (aged 
12 and older, n=108) and their parents.
Questionnaires
BIS/BAS-scales.  Sensitivity of the Behavioral  Inhibition and the Behavioral  Activation 
System was indexed by the child version of Carver and White (1994) BIS/BAS-scales 
(Muris  et  al.,  2005).  Twenty  items  are  scored  on  a  4-point  scale  (0=not  true, 
1=somewhat  true,  2=true,  3=very  true).  Seven  items  make  up  the  BIS-scale  and 
include statements as 'I am very fearful compared to my friends'. Thirteen items make 
up the BAS-scale, and include statements such as 'I often do things for no other reason 
than  that  they  might  be  fun'.  In  community  samples,  BIS  and  BAS-scores  were 
meaningfully  related  to  personality  indices  and  symptoms  of  psychopathology 
(Bjørnebekk, 2009; Muris, Meesters, & Schouten, 2002; Muris et al., 2005; Sportel et 
al., in preparation). Internal reliability of the BIS (α=.80) and BAS-scores (α=.85) in the 
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present study was good.
Revised Child Anxiety and Depression Scale - short version (RCADS25). Self-reported symptoms 
of  DSM-IV  anxiety  and depression  diagnoses were measured  with  the  Dutch  short 
version  of  the  Revised  Child  Anxiety  and  Depression  Scale  (RCADS,  Chorpita,  Yim, 
Moffit,  Umemoto,  & Francis,  2000;  RCADS25,  Muris  et  al.,  2002).  The  RCADS25 
consists of 25 items that have to be rated on a 4-point scale (0=never, 1=sometimes, 
2=often,  3=always).  There  are  4  scales  referring  to  anxiety  disorders  (SP=social 
phobia,  SAD=separation  anxiety  disorder,  PDA=panic  disorder  (with  agoraphobia), 
GAD=generalized anxiety disorder) and one to major depressive disorder (MDD). A total 
anxiety  score  (RCADS25-ANX)  is  calculated  by  summing  across  all  anxiety  scales. 
Eleven RCADS-forms were missing. Internal reliability  in the present study was good 
(α=.89 for anxiety; α=.75 for depression).
Results
Distinguishing between BIS_Anxiety and FFFS_Fear in the BIS-scale
Confirmatory factor analysis (CFA), run with the sem-package of R (R Development 
Core Team, 2009), was used to test the Heym et al. (2008) two-factor model. Items 
and item variances were specified as free, factor variances were fixed at 1. Values for 
root mean square error of approximation (RMSEA) between .05 and .10 and fit indices 
greater  than .9 indicate  good fit  (Hu & Bentler,  1999;  Stevens,  1996).  The model 
showed  acceptable  fit  to  the  data  (RMSEA=.08,  Bentler's  Comparative  Fit  Index 
CFI=.95,  Bentler-Bonnet's  Normed  Fit  Index  NFI=.95,  Tucker-Lewis  Non-Normed  Fit 
Index NNFI=.93). Internal reliability of the BIS_Anxiety-scores (α=.76) and FFFS_Fear-
scores (α=.61) was low.
Descriptive statistics and correlations
Table 3.1 shows the descriptive statistics for all scales, separately for each group 
and for boys and girls. Table 3.2 shows correlations of BIS/BAS-scores with age and 
with the other scale scores. To control for the effects of age on BIS-scores, partial 
correlations are reported for the BIS-scales. Bivariate correlations describe relations of 
BAS-scores with RCADS25-scores. 
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Table 3.1 Descriptive statistics for all questionnaires as a function of group and gender
ANX CON
boys girls boys girls
M (SD) M (SD) M (SD) M (SD)
BIS 9.10 (4.02) 11.58 (4.09) 5.14 (3.44) 9.49 (4.58)
BIS_Anxiety 4.04 (2.89) 5.74 (2.78) 2.67 (2.31) 5.26 (2.98)
FFFS_Fear 5.06 (1.88) 5.85 (1.86) 2.48 (1.60) 4.23 (1.94)
BAS 16.36 (8.17) 14.57 (5.76) 15.90 (5.59) 19.15 (6.45)
RCADS25-ANX 13.53 (8.75) 19.28 (10.47) 4.79 (4.14) 11.39 (7.16)
SP 4.55 (3.24) 6.48 (3.51) 2.79 (2.32) 5.19 (3.00)
PD 2.41 (2.18) 3.92 (3.24) 0.37 (0.60) 1.52 (1.96)
SAD 3.22 (3.18) 4.37 (3.35) 0.58 (1.02) 1.26 (1.50)
GAD 3.35 (2.97) 4.51 (3.91) 1.05 (1.58) 3.42 (3.15)
RCADS25-MDD 3.16 (2.29) 4.54 (2.87) 1.79 (1.40) 3.03 (2.48)
Table 3.2 Correlations with age and between scores on the BIS/BAS-scales and anxiety questionnaires
BIS BIS_Anxiety FFFS_Fear BAS
age .26*** .26*** .19*    -.11   
BIS .92*** .84*** .11   
BIS_Anxiety .55*** .21* 
FFFS_Fear -.07   
RCADS25-ANX .70*** .61*** .63*** .11   
SP .73*** .73*** .53*** .04   
PD .56*** .47*** .54*** -.00   
SAD .45*** .33*** .48*** .04   
GAD .46*** .37*** .44*** .23**
RCADS25-MDD .55*** .44*** .54*** .08   
Note. BIS=Behavioral Inhibition System, BAS: Behavioral Activation System; RCADS25=Revised Child Anxiety and Depression 
Scale (short  version),  ANX:  anxiety  scale,  SP:  social  phobia,  PD:  panic disorder,  SAD:  separation  anxiety  disorder,  GAD: 
generalized anxiety disorder, MDD: major depressive disorder; *p<.05, ** p<.01, ***p<.001.
Group and gender differences
To test for group and gender differences in the three BIS-scores, 2 (group: ANX vs. 
CON) x 2 (gender: boy vs. girl) ANCOVAs with age as covariate was conducted. After 
controlling for the significant effect of age, there was a significant main effect of group 
on  all  three  BIS-scale  scores  (BIS:  F(1,170)=37.40,  BIS_Anxiety:  F(1,170)=10.27, 
FFFS_Fear: F(1,170)=74.39, all ps < .001), and a significant main effect of gender, (BIS: 
F(1,170)=19.86,  p<.001,  BIS_Anxiety:  F(1,170)=10.27,  p<.01,  FFFS_Fear: 
F(1,170)=12.42,  p<.001).  The  interaction  between  group  and  gender  was  not 
significant for the total BIS-score,  F(1,170)=3.55,  p=.06, and the BIS_Anxiety-score, 
F(1,170)=1.72,  p=.19.  For  FFFS_Fear-scores,  there  was  a  significant  interaction 
between group and gender, F(1,170)=4.55, p=.03.
For BAS-scores, a 2 (group: ANX vs. CON) x 2 (gender: boy vs. girl) ANOVA revealed 
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non-significant  main  effects  of  group,  F(1,171)=3.53,  p=.06  and  gender, 
F(1,171)=0.44, p=.51, but a significant interaction, F(1,171)=5.26, p=.02.
Separate vs. joint subsystems
A  linear  regression  analysis  with  age,  BIS  and  BAS-scores  as  predictors  and 
RCADS25-ANX-scores as outcome variable was performed separately for each group 
(Table 3.3). In the CON-group, both BIS and BAS predicted anxiety scores, although the 
effect of BAS was only marginally significant. In the ANX-group, only BIS, not BAS-scores 
predicted anxiety scores.
Table 3.3 Predicting anxiety symptoms (RCADS25_Anx) with BIS and BAS
ANX CON
B SE(B) β p B SE(B) β p
constant 5.51 4.38 .21 7.97 7.95 .32
age -0.50 0.33 -.14 .13 -0.82 0.57 -.11 .16
BIS 1.54 0.21 .64 <.001 1.26 0.12 .82 <.001
BAS 0.09 0.12 .06 .45 0.15 0.08 .15 .06
model statistics R2=.61, F(3,113)=21.50, p<.001 R2=.86, F(3,49)=43.76, p<.001
Discussion
The present study examined BIS/BAS-sensitivity in clinically anxious and non-anxious 
children  and  adolescents  using  the  child  version  of  the  Carver  and  White  (1994) 
BIS/BAS-scales (Muris et al., 2005). Factor analysis showed that in the BIS-scale two 
subscales  could  be  distinguished:  a  BIS_Anxiety-scale  and  a  FFFS_Fear-scale. 
Participants in the ANX-group scored higher on BIS-scales than in the CON-group and 
girls had higher BIS-scores than boys. BAS-scores were equal in both samples, and for 
boys and girls. BIS-scores increased with age, but there was no age effect on BAS. BIS-
scores were meaningfully related to indices emotional problems. 
The current study adds to the evidence for Gray's Reinforcement Sensitivity Theory 
(1982) by showing that stronger activity in the BIS is indeed related to higher levels of 
anxiety. BIS-scores in the clinically anxious sample were higher than in the non-anxious 
sample  and  than  in  the  community  sample  of  the  Muris  et  al.  (2005)  study.  In 
community samples BIS-sensitivity,  but not BAS-sensitivity,  is associated with anxiety 
symptoms  (e.g.,  Bjørnebekk,  2009;  Muris  et  al.,  2002,  2005).  The  present  study 
extends these findings by showing that, in a sample of clinically anxious youth, high levels 
of BIS indeed are associated with more self-reported anxiety symptoms, whereas BAS-
levels in anxious and non-anxious youths are equally moderate. Like Heym et al. (2008), 
we were able to distinguish a separate BIS_Anxiety and FFFS_Fear factor in the original 
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BIS-scale consistent with recent RST revisions (Gray & McNaughton, 2000). As far as 
we  know,  the  present  study  is  the  first  in  which  both  BIS  as  a  total  scale  and 
BIS_Anxiety  and  FFFS_Fear  as  separate  subscales  are  studied  in  children  and 
adolescents.  Other  than  Heym  et  al.  (2009)  who  associated  the  subscales  with 
personality  dimensions,  we studied relations  between subscalescores and emotional 
symptoms. Consistent with the idea that BIS_Anxiety is related with all types of anxiety, 
BIS_Anxiety-scores were significantly related to all anxiety-related RCADS25-subscales. 
The  correlations  involving  FFFS_Fear  were  strongest  for  panic  disorder  and  social 
anxiety disorder. Contrary to the idea that depression is associated with high levels of 
BIS in combination with low levels of BAS, BAS-scores in the present sample were not 
related to the RCADS25-depression measure. This is inconsistent with previous studies 
reporting  negative  correlations  between  BAS-sensitivity  and  depression  in  both 
community samples and clinically depressed patients (e.g., Kasch, Rottenberg, Arnow, 
& Gotlib, 2002; Kimbrel et al., 2007). However, it is consistent with Corr's (2002) idea 
that  extremely  high  BIS-sensitivity  in  a  clinically  anxious  sample  might  overrule  the 
effects of BAS-sensitivity. In the present non-depressed sample, BAS-scores seem not 
extreme enough to overcome this BIS-dominance. The exact relationship between BIS 
and BAS-sensitivity and psychopathological  symptoms in samples of clinically anxious 
children  with  and without  comorbid  (ADHD or depressive)  problems awaits  further 
examination.
Other than in the Muris et al. (2005) community sample, BIS and BAS-scores were 
unrelated to one another in the present study. This seems to suggest that BIS and BAS 
are  separate  systems.  When  investigating  the  influence  of  BIS  and  BAS  in  the 
prediction of anxiety symptoms, however, a more fine-grained picture emerges. In non-
anxious individuals BIS and BAS both predict anxiety. In clinically anxious individuals, BIS 
has an unique influence on anxiety symptoms, independent of BAS. The findings that BIS 
and BAS have a joint influence in normal situations, but are independent in extreme 
cases (as in clinical samples) are consistent with Corr's (2001; 2002) revision of Gray's 
Reinforcement Sensitivity Theory (1982) in terms of the distinction between joint and 
separable subsystems hypotheses. It seems that, in community samples, both BIS and 
BAS have an influence on behavior, but if one of the systems is overactive (i.e. the BIS in 
anxiety disorders), it overrules the activity of the other system. 
Results of the present study should be interpreted in light of several limitations. One 
might argue that the present sample size is too small for conducting factor analysis, 
since sample sizes of at least 300 participants are frequently advocated (e.g., Comrey 
& Lee, 1992; Tabachnick & Fidell, 2001). Other authors, however, state that 5 to 15 
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participants  per  variable  are  needed  (e.g.,  Kass  &  Tinsley,  1979;  Nunnally,  1978). 
Following these more liberal rules, the present sample size was large enough, given the 
7 items that make up the original BIS-scale. More recently, Kline (2005) considered 
between 100 and 200 subjects as a minimum, and following his guidelines, the present 
sample can be considered 'medium-sized'. Moreover, we added Tucker-Lewis NNFI as 
model  fit  index,  because  it  is  independent  of  sample  size.  Future  research  could 
replicate the study in larger samples.
As with other cross-sectional studies, it is impossible to draw causal conclusions 
from the present results.  The study was correlational,  and aimed at replicating and 
extending  previous  findings  on the  relationships  between  BIS-activity  and anxiety.  In 
order to get insight into the exact nature of this link, however, longitudinal studies are 
needed. 
Another limitation of  the present study relates to its  exclusive focus on the BIS 
dimension  of  Gray's  Reinforcement  Sensitivity  Theory  (1982).  This  restriction  was 
driven  by  the  fact  that  we  wanted  to  investigate  the  role  of  Gray's  BIS-concept  in 
childhood and adolescent anxiety as a part of a major research project on cognitive 
behavioral therapy for youths with anxiety disorders. Other studies did investigate BIS 
and BAS-sensitivity in youngsters. For example, Muris et al. (2005), tried to fit a four-
factor structure to the BIS/BAS-scales (one BIS-factor and three BAS-factors: Drive, 
Fun Seeking and Reward Responsiveness), but they concluded that there were only two 
factors: one for BIS and one for BAS. Apart from that, the most notable revision of 
Gray's model involves the description of role of the FFFS-component in anxiety (Gray & 
McNaughton,  2000),  but  this  was  never  before  tested  in  childhood  clinical  anxiety. 
Therefore,  we  choose  to  focus  our  investigations  on  BIS  and  FFFS  in  emotional 
problems. A test of the full theory, investigating both BIS and BAS-sensitivity (and their 
factors)  in  internalizing  and  externalizing  disorders  would  be  more  comprehensive. 
Moreover,  it  would  be  interesting  to  follow  Bijttebier  et  al's  (2009)  other 
recommendations,  and  not  only  take  into  account  RST  revisions  as  we  did  in  the 
present study, but also to adopt a developmental perspective, to study different models 
of the relationship between BIS/BAS sensitivity  and psychopathology (e.g.,  direct vs. 
indirect relations), and to investigate potential mediators and moderators of this link 
(e.g., cognitive processes, attachment style). Once there is clarity established on the link 
between  BIS/BAS-sensitivity  and childhood  psychopathology,  this  knowledge  can  be 
introduced in studies on the role of RST-related concepts in psychotherapy.
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IV BIS-activity :: The inhibition-output
STUDY 1: INHIBITION IN NEUTRAL AND THREATENING SITUATIONS: A PILOT 
STUDY IN A COMMUNITY YOUTH SAMPLE 
Abstract In the present pilot study, validity of a pictorial version of the Stop Signal 
Reaction Time Task is tested in a community youth sample (n=29). Traditionally, stop 
signals  are  simple  stimuli  (either  auditory  or  visual).  In  this  pictorial  version,  more 
complex stop stimuli  are used (i.e.  IAPS-pictures;  Lang,  Bradley, & Cuthbert,  2005). 
Results showed that complex visual stimuli are able to activate the inhibition process in 
a  community  sample  of  children and adolescents.  Performance improved with  age. 
There was no difference between the performance on a task with neutral stop stimuli 
and a task with anxiety-relevant stop stimuli.  On both versions of the task, participants 
in  the  present  study  performed  similarly  compared  to  normal  controls  in  previous 
studies (for meta-analysis, see Lijffijt et al., 2005).
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The Stop Signal Task is widely used to assess inhibition (Logan & Cowan, 1984; 
Logan, Cowan & Davis, 1984) and considered an analogue for everyday life stopping 
(Nigg,  2000).  In  the  stop task,  participants have  to respond to a primary  task.  On 
presentation of a go signal, they have to press one of two response buttons as quickly 
and accurately as possible. On some trials, a stop signal is presented, which indicates 
that participants have to withhold their response to the go signal. 
Traditionally,  a single stop stimulus is  used throughout  the task.  Stop signals in 
previous studies have been either auditory or visual, but they were always neutral in 
valence  and  easy  to  process.  However,  for  some  research  questions,  it  might  be 
interesting  to  use  stop  signals  that  differ  in  valence.  For  instance,  since  we  are 
interested in comparing inhibition in neutral and threatening situations, it might come 
handy to use neutral and threat-relevant stop signals. To limit the influence of the threat 
solely  on the inhibitory  process and not  on other aspects of  task performance,  we 
choose manipulating the emotional valence of the stop stimulus over administering the 
task in neutral  and threatening circumstances.  An easy way to manipulate stimulus 
valence is  using pictures with different emotional  loadings.  In  this pilot  study, it  was 
tested whether such complex visual stimuli are able to activate the inhibition process. 
Instead of just one single stop stimulus (which is typically done in stop task research), 
ten neutral and ten anxiety-relevant stop stimuli were used, resulting in two versions of 
the Stop Task:  a neutral  task and a anxiety-relevant task.  The use of different  stop 
signals may prevent habituation that could influence the emotional impact of the stimuli. 
To test whether performance on these versions of the stop task would be comparable 
to  results  of  previous  studies  including  normal  control  participants,  a  community 
sample of children and adolescents completed both the neutral and the anxiety-relevant 
task.  Since  developmental  improvements  in  response  inhibition  have  been  found  in 
previous studies including children and adolescents (e.g., Luna, Garver, Urban, Lazar, & 
Sweeney, 2004), we tested for possible age effects on task performance. 
Method
Participants
Participants were recruited in primary and secondary schools in the Amsterdam 
area  (the Netherlands).  To  screen  for  emotional  or  behavioral  problems,  we asked 
parents whether or not they had ever sought psychological help for their children. None 
of them reported that they had. Twenty-nine 7 to 18 years old (M=12.21,  SD=3.54) 
children (9 boys) were included. Written informed consent was obtained from parents 
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and adolescents (aged 12 and older,  n=14).  The study design was approved by the 
ethics committee of the University of Amsterdam.
Two versions of the Stop Task
In the stop task, participants have to respond to a primary task (go task), as quickly 
and accurately as possible after presentation of a go signal. In the present study, the go 
signal is a picture of an airplane, presented in the middle of the screen (Kooijmans et 
al., 2000). Participants were instructed to press the left response button if the nose of 
the airplane pointed to the left and the right response button if the nose pointed to the 
right. Participants had to be both fast and accurate. On 25% of the trials, a pictorial 
stimulus was presented as a stop signal. On appearance of the stop signal, participants 
were instructed to inhibit  their response to the go signal. The delay between the go 
signal and the stop signal influences the probability of adequate inhibition. The longer 
the stop signal delay, the more difficult it becomes to inhibit responses. In the present 
study,  this  interval  was  determined  by  a  tracking  algorithm  based  on  participant's 
stopping  performance  (e.g.  Logan,  Schachar,  &  Tannock,  1997).  The  initial  delay 
between go and stop signal was set at 250 ms. If participants failed to inhibit on a stop 
trial, the stop signal delay for the next stop trial was shortened by 50 ms, increasing 
the probability of successful inhibition. After successful stopping, the stop signal delay 
was  lengthened  by  50  ms,  decreasing  the  probability  of  successful  inhibition.  The 
tracking algorithm converges on the delay at which the chance of inhibition is 50%. 
Participants  were told  that  withholding  or  stopping  a  response  is  difficult  and  that 
sometimes they would be able to stop and sometimes they would not, so they should 
not  worry  if  they  would  not  succeed.  They  were  explicitly  instructed  to  respond 
immediately when the go stimulus appeared and not to wait for the stop signal.
Two versions of the Stop Task were created: a neutral and an anxiety-relevant task. 
Both tasks had the same structure, but differed regarding the stop signals. Stop signal 
stimuli were pictures, selected from the International Affective Picture System (IAPS; 
Lang et al., 2005), based on normative scores. IAPS-numbers, description, and mean 
valence and arousal ratings from the IAPS manual are shown in Table 4.1. The IAPS 
has been validated for use in Dutch adolescents (Kolman, 2009). All selected stimuli 
were  considered  suitable  for  use  with  children  according  to  experienced  child 
therapists.  Neutral  stimuli  had a medium valence  and a low arousal  score.  Anxiety 
relevant  stimuli  were  related  to  the  five  factors  of  the  'Fear  Survey  Schedule  for 
Children  –  Revised':  Failure/Criticism,  the  Unknown,  Minor  Injury/Small  Animals, 
Danger/Death, and Medical Fears (Ollendick, King, & Frary, 1989). Because the IAPS 
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contains  no  suitable  picture  covering  Failure/Criticism,  one  was  custom  made  (a 
school report card with low grades).
Table 4.1 Stop stimuli
IAPS number description valence arousal
M (SD) M (SD)
neutral 
task
1670 cow 6.81 (1.76) 3.05 (1.91)
2445 feet 5.39 (1.39) 3.83 (1.91)
5510 mushroom 5.15 (1.13) 3.69 (2.11)
7004 spoon 5.04 (0.60) 2.00 (1.66)
7009 mug 4.93 (1.00) 3.01 (1.97)
7052 clothespins 5.33 (1.32) 3.01 (2.02)
7059 keying 4.93 (0.81) 2.73 (1.88)
7140 bus 5.50 (1.42) 2.92 (2.38)
7150 umbrella 4.72 (1.00) 2.61 (1.76)
7547 bridge 5.21 (0.96) 3.18 (2.01)
anxiety 
task
1200 spider 3.95 (2.22) 6.03 (2.38)
1300 pitbull 3.55 (1.78) 6.79 (1.84)
5971 tornado 3.49 (1.87) 6.65 (2.02)
6260 aimed gun 2.44 (1.54) 6.93 (1.93)
6510 attack 2.46 (1.58) 6.96 (2.09)
9230 oil fire 3.89 (1.58) 5.77 (2.36)
9584 dental exam 3.34 (1.57) 4.96 (2.15)
9594 injection 3.76 (1.70) 5.17 (2.17)
9901 car accident 2.27 (1.25) 5.70 (2.22)
Note. One stop stimulus in the anxiety task was custom made (school report), so not included in this table. Ratings range 
from 1-9: low valence ratings indicate negativity; high arousal ratings indicate more arousal.
Prior to administration of the stop tasks, there were two practice tasks of 40 trials 
each.  In  the  first  practice  task,  participants  practiced  the  go  task.  In  the  second 
practice  task,  the  stop task was introduced.  Stop stimuli  in  the practice  task  were 
neutral pictures selected from the International Affective Picture System (IAPS; Lang, et 
al.,  2005; IAPS numbers: 5531, 7002, 7053, 7096, 7205).  Following the practice 
tasks, the neutral and the anxiety task were administered. Both versions of the task 
consisted  of  two  experimental blocks  of 80  trials.  Each  experimental  block  was 
preceded by 20 trials used forestablishing the tracking algorithm. Those 20 trials were 
not  included  in  the  data  analysis.  Task  order  (neutral  and  anxiety-relevant)  was 
counterbalanced.  To  optimize  performance,  extensive  feedback  was  provided 
throughout all practice and experimental tasks. 
General task performance is indexed by mean reaction times (MRT), within-subject 
standard deviation reaction time (SDRT) and percentage correct responses (%C) on go 
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trials. Ability to inhibit is indexed by the stop signal reaction time (SSRT) reflecting the 
latency of the response to the stop signal. Since the response to the stop signal is a 
covert  response  (i.e.  withholding  the  response  to  the  go  signal),  SSRT  cannot  be 
observed, but has to be estimated by subtracting the mean delay between go and stop 
signal from the mean RT on go trials (SSRT=MRT–mean delay). 
Statistical Analysis
Prior to statistical analysis, we checked whether the tracking algorithm successfully 
established the chance of inhibition at 50%. Two participants (boy aged 8, girl aged 10) 
were excluded because they inhibited in less than 45% of the stop trails over both task 
versions. There were no outliers on other indices of task performance (MRT, SDRT, %C 
and SSRT). Consequently, analyses were run with 27 participants.
Go-task performance was studied by three separate one-way repeated measures 
ANOVAs with task (neutral task vs. anxiety task) as within-subject variable and MRT, 
SDRT and %C as dependent variables. Differences in stop-task performance between 
both tasks were tested with a one-way repeated measures ANOVA with task (neutral 
task vs. anxiety task) as within-subject variable and SSRT as main dependent variable. 
Associations  with  age  are  indexed  by  Pearson's  correlation  coefficients.  Two-tailed 
significance levels are reported (p<.001), unless otherwise specified. 
Results 
Go Task Performance and Inhibition in the neutral and the anxiety task
Table 4.2 shows the dependent variables relating to the go task (MRT, SDRT, %C) 
and the index of  stop task  performance (SSRT),  separately  for  the  neutral  and the 
anxiety task. There were no differences in performance between both tasks.
Table 4.2 Go task performance and inhibition in the neutral and the anxiety task in a community sample
neutral task anxiety task repeated measures 
ANOVA
M (SD) M (SD) F(1,26) p
MRT (ms) 436.53 (93.26) 436.79 (99.00) 0.00 .97
SDRT 81.94 (39.27) 81.00 (39.73) 0.06 .81
%C 92.41 (4.24) 92.16 (4.41) 0.13 .72
SSRT (ms) 223.56 (38.48) 224.10 (48.61) 0.01 .94
Note.  MRT:  mean  reaction  time;  SDRT:  within-subjects  standard  deviation  of  reaction  times;  %C:  percentage  correct 
responses on go trials; SSRT: stop signal reaction time.
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Age effects
Table 4.3 shows correlations of age and indices of task performance. MRT, SDRT 
(all  ps < .001) and %C (neutral  task:  p<.05, anxiety task:  p<.01) of both tasks were 
correlated  significantly  with  age,  indicating  that  performance  became  faster,  more 
consistent and more accurate with age. Correlations of SSRT with age were negative in 
both  tasks  (neutral  task:  p<.01,  anxiety  task:  p<.001),  suggesting  that  inhibition 
improved with age.
Table 4.3 Correlations between age and performance indices in a community sample
neutral task anxiety task
r(age, MRT) -.72*** -.77***
r(age, SDRT) -.76*** -.81***
r(age, %C) .43*     .57** 
r(age, SSRT) -.56** -.73** 
Note.  MRT:  mean  reaction  time;  SDRT:  within-subjects  standard  deviation  of  reaction  times;  %C:  percentage  correct 
responses on go trials; SSRT: stop signal reaction time;***: p<0.001,**: p <0.01, *: p <0.05, (all 2-tailed).
Conclusion and Discussion
In this pilot study, it was tested whether response inhibition could be triggered by 
different  complex  visual  stop  stimuli.  Previous  studies  comparing  inhibition  between 
stop  tasks  with  auditory  and  visual  stop  signals  suggest  faster  and  more  efficient 
inhibition with auditory stop signals (Van der Schoot, Licht, Horsley, & Sergeant, 2005). 
However, the complex visual stop stimuli of the present study were able to activate the 
inhibition process and results were comparable to those of normal controls in previous 
studies with auditory stop signals (Lijffijt et al., 2005). Most importantly, mean SSRTs 
for both the neutral (M=223) and anxiety task (M=224) were in the 200 and 400 ms 
range that is consistently found in inhibition paradigms (e.g., Morein-Zamir & Meiran, 
2003). 
The associations between age and general performance indices and between age 
and SSRT found in the present study are consistent with evidence of developmental 
improvements in cognitive processing in general and in response inhibition in particular 
(e.g., Luna et al., 2004).
In  this  community  sample,  inhibition in  threatening situations did  not  differ from 
inhibition in neutral situations. Based on Gray's BIS-model of anxiety (1982, 1987) it 
can be expected that in a sample of clinically anxious participants, inhibition would be 
enhanced in threatening situations compared to in neutral situations. This hypothesis is 
examined in Study 2 of this Chapter.
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STUDY 2: BOO! INCREASED THREAT-RELATED RESPONSE INHIBITION IN 
CHILDHOOD ANXIETY 
Abstract Deficient inhibition underlies different types of childhood psychopathology. 
Numerous studies support the idea of underinhibition in externalizing problems. Less 
evidence  exists  for  overinhibition  in  internalizing  problems.  The  present  study 
investigates behavioral inhibition in clinical anxiety. Sixty-nine children and adolescents 
(aged 8-18) with at least one DSM-IV anxiety disorder completed two versions of a Stop 
Signal Reaction Time Task: one with neutral and one with anxiety-relevant stop stimuli. 
General  task performance (mean reaction time,  within-subject standard deviation of 
reaction  times,  and  percentage  correct  responses)  did  not  differ  between  tasks. 
However, the stop signal reaction time (SSRT), measuring the speed of the inhibitory 
response, was shorter in the anxiety-relevant than the neutral task. These results are 
consistent with the idea of threat-related overinhibition in anxiety.
Vervoort, L., Hogendoorn, S.M, Wolters, L.H., Geurts, H.M., Prins, P.J.M., de Haan, E., Oosterlaan, J., Hartman, 
C.A., & Boer, F. (submitted).
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Deficiencies in inhibition are a central theme in several theories about childhood 
psychopathology (e.g., Nigg, 2000; Oosterlaan & Sergeant, 1996; Oosterlaan, 2001). 
Quay  (1988,  1997)  developed  a  theoretical  framework  for  internalizing  and 
externalizing behavior in children, based on Gray's (1982, 1987) model of behavioral 
inhibition  and  activation.  Gray  posits  that  behavior  originates  from  activity  in  two 
different  neurobiological  systems2:  the  Behavioral  Inhibition  System  (BIS)  and  the 
Behavioral Activation System (BAS). The BIS is activated by signals of punishment (i.e. 
warning signals for potential  negative affective events or threat). In addition, the BIS 
reacts to novel,  unknown stimuli,  to highly  intense stimuli  and to innate fear stimuli 
(including  stimuli  involved  in  social  interaction).  The  BAS  is  activated  by  signals  of 
reward and by appetitive stimuli. BIS-activity can lead to feelings of anxiety and initiates 
behavioral  inhibition.  BAS-activity  is  linked  with  positive  feelings  and  contributes  to 
impulsivity and approach behavior.  Quay (1988, 1997) links childhood emotional and 
behavioral  problems to  inadequate  activation of  the  BIS,  the  BAS or  both  systems. 
Overactivity  of  the BIS (overinhibition)  is  assumed to be responsible for internalizing 
problems  (e.g.,  anxiety  disorders)  and  their  accompanying  pattern  of  avoidant  and 
inhibited behavior. Underactivity of the BIS and overactivity of the BAS (or a combination 
of  both)  are  thought  to  underlie  externalizing  problems  (e.g.,  Attention  Deficit 
Hyperactivity Disorder and Conduct Disorder) and their accompanying impulsive and 
uninhibited behavior.
The most extensively used paradigm to study behavioral inhibition is the Stop Signal 
Reaction Time Task (Logan & Cowan, 1984; Logan et al.,  1984).  In  the Stop Task, 
participants have to respond to a primary task, which consists of a two-choice reaction 
time  task.  On  presentation  of  a  go  signal,  participants  have  to  press  one  of  two 
response buttons as quickly and accurately as possible. On some trials, a stop signal is 
presented, which indicates that participants have to withhold their response to the go 
signal.  Ability  to  inhibit  is  indexed  by  the  latency  of  the  stop  process  with  shorter 
latencies indicating enhanced inhibitory capacities.
In  contrast  to  the  large  number  of  stop  task  studies  on  inhibitory  deficits  in 
externalizing problems (for recent reviews see e.g., Alderson et al., 2007; Lijffijt et al., 
2005), stop task studies on inhibition in anxiety are scarce and have yielded virtually no 
support  for  the  hypothesized  increased  behavioral  inhibition  in  childhood  anxiety. 
Although comorbid anxiety problems seem to decrease the inhibition deficits typically 
found  in  ADHD,  anxious  children  (with  or  without  ADHD,  aged  6-14)  showed  no 
enhanced inhibition compared to control children (Korenblum et al., 2007; Manassis et 
2Gray also described a third system, the Fight-Flight System (FFS) that is activated by unconditioned aversive stimuli and 
initiates fight or flight, but this system was not incorporated in Quay's model (1988).
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al.,  2000;  for  meta-analysis  of  studies  published  between  1990  and  1997,  see 
Oosterlaan et al., 1998). 
There are several possible explanations, both methodological and theoretical,  for 
the  failure  to  find  firm  evidence  for  increased  behavioral  inhibition  in  anxiety  (e.g., 
Oosterlaan  et  al.,  1998).  Most  studies  focus  on  deficient  inhibition  in  externalizing 
problems,  and  include  participants  with  emotional  problems  only  as  pathological 
controls for participants with ADHD (e.g., Korenblum et al., 2007). In addition to that, 
stop task studies typically involve only small samples (e.g., Manassis et al. 2000), and 
thus  may  have  been  underpowered  to  detect  possible  group  differences  between 
anxious and non-anxious participants. Consistent with this, a dimensional perspective on 
psychopathology and inhibition revealed that inhibition was increased in children (aged 
6-12) with increasing levels of internalizing problems (Kooijmans et al., 2000). Next to 
these methodological  issues,  there is  a more theoretical  explanation for the lack of 
evidence for increased inhibition in anxiety, directly related to Gray's suggestion that the 
BIS  gets  activated  by  anxiety-relevant  stimuli  (Gray,  1982;  1987).  Therefore,  the 
hypothesized increased inhibition in anxiety would only become apparent in threatening 
situations (Oosterlaan et al.,  1998). Consistent with this, increased inhibition in youth 
with  anxiety  disorders  is  found in a  study using  the Change Task,  a  more complex 
variant of the Stop Task. In the Change Task, participants are instructed not only to 
inhibit their response in reaction to a stop signal, but also to immediately re-engage in 
another response (Oosterlaan & Sergeant, 1998). It can be assumed that participants 
experience  this  more  difficult  task  as  more  threatening,  especially  when  they  are 
anxious.  Surprisingly,  the  idea  that  inhibition  in  anxious  participants  would  only  be 
enhanced in threatening situations was never tested directly. 
The  present  study  compares  behavioral  inhibition  in  neutral  and  threatening 
situations using two versions of the Stop Signal Task: a neutral task and an anxiety-
relevant task.  We aimed at limiting the influence of the threat only  to the inhibitory 
process  and  not  on  other  aspects  of  task  performance.  Therefore,  instead  of 
administering the task in a threatening situation, we chose to manipulate the emotional 
valence of the stop stimulus. In the neutral task, stop stimuli were emotionally neutral 
pictures. In the anxiety task, they were threatening (for detailed description of the tasks 
and  the  stop  stimuli,  see  method  section).  Usually,  a  single  stop  stimulus  is  used 
throughout the task. In the present study, instead of just one single stop stimulus, ten 
neutral and ten anxiety-relevant stop stimuli were used. The use of different stop signals 
may prevent habituation that could attenuate the emotional impact of the stimuli.
Behavioral inhibition was examined in a large sample of clinically referred children 
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and adolescents diagnosed with a DSM-IV diagnosis of anxiety disorder (for inclusion 
criteria, see method section). It was hypothesized that these anxious participants would 
show  increased  inhibition  in  the  anxiety-relevant  compared  to  the  neutral  task. 
Furthermore, to test the prediction based on Gray's model (1982, 1987) that activity in 
the  BIS  is  related  to  the  behavioral  output  of  behavioral  inhibition,  the  association 
between inhibitory  control  and sensitivity  of  the BIS as  measured with  a self-report 
questionnaire  was  examined.  It  was  predicted  that  high  BIS-sensitivity  would  be 
associated with increased inhibition compared to low BIS-sensitivity. 
Method
Participants
Sixty-nine 8 to 18 years old (M=12.70,  SD=2.87) anxiety disordered children and 
adolescents (28 boys) were included in the study. They were referred to one of two 
child  psychiatric  outpatient  units  in  the  Netherlands  (de  Bascule,  Amsterdam  and 
Accare, Groningen). Anxiety diagnoses according to the DSM-IV criteria were based on 
a semi-structured diagnostic  interview,  the Anxiety Disorders Interview Schedule for 
DSM-IV – Child and Parent Version (ADIS-IV:C/P, Silverman & Albano, 1996; Siebelink 
& Treffers, 2001). Children and parents were interviewed separately. Based on both 
interviews, a clinical diagnosis with clinician severity rating (CSR, ranging between 1 and 
8) was derived. Children were included in the study when their CSR was 4 or more 
(which is indicative of clinical anxiety diagnosis) on a least one anxiety disorder. Primary 
diagnoses  included  Social  Phobia  (SP,  42.86%),  Separation  Anxiety  Disorder  (SAD, 
12.33%), Specific Phobia (14.29%), Generalized Anxiety Disorder (GAD, 12.24%) and 
Panic  Disorder with or without  Agoraphobia (PD,  14.29%).  There was considerable 
anxiety  comorbidity:  50% of  the  anxious  participants  received  two or  more  anxiety 
diagnoses or an additional mood disorder diagnosis. Although ADHD-symptoms were 
frequently  reported,  they  did  not  reach  clinical  levels,  so  none  of  the  participants 
suffered from comorbid attention deficit hyperactivity disorder.
All participants were free of anxiolytic medication and had not received cognitive 
behavioral therapy for their anxiety disorder in the past 6 months prior to inclusion in 
the study. Before treatment, children and parents were asked to participate in a study 
on mediators and moderators of CBT for anxiety disorders.  Children completed the 
questionnaire  and the  tasks  during  an  individual  pre-treatment  test  session,  in  the 
presence of one of the researchers. The study design was reviewed and accepted by 
the medical ethics committee of both participating clinics.  Written informed consent 
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was obtained from both children (aged 12 and older,  n=44) and their parents. After 
participating in the present  study,  children received cognitive behavioral  therapy for 
their anxiety problems.
Two versions of the Stop Task
In the Stop Task, participants have to respond to a primary task (go task), as quickly 
and accurately as possible after presentation of a go signal. In the present study, the go 
signal was a picture of an airplane, presented in the middle of the screen (Kooijmans et 
al., 2000). Participants were instructed to press the left response button if the nose of 
the airplane pointed to the left and the right response button if the nose pointed to the 
right. On 25% of the trials, a stop signal was presented. On appearance of the stop 
signal, participants were instructed to inhibit their response to the go signal. The delay 
between  the  go  signal  and  the  stop  signal  influences  the  probability  of  successful 
inhibition.  The  longer  the  stop  signal  delay,  the  more  difficult  it  becomes  to  inhibit 
responses. In the present study, this interval was determined by a tracking algorithm 
based on the participant's stopping performance (e.g., Logan et al.,  1997). The initial 
delay between go and stop signal was set at 250 ms. If participants failed to inhibit on a 
stop  trial,  the  stop  signal  delay  for  the  next  stop  trial  was  shortened  by  50  ms, 
increasing the probability of successful inhibition. After successful stopping, the stop 
signal  delay  was  lengthened  by  50  ms,  decreasing  the  probability  of  successful 
inhibition.  The  tracking  algorithm  converges  on  the  delay  at  which  the  chance  of 
inhibition is 50%.
Two versions of the Stop Task (i.e. a neutral and an anxiety task) were administered. 
Both versions differed  regarding  the stop signals.  Stop  signal  stimuli  were pictures 
selected from the IAPS (Lang et al., 2005), based on normative scores. IAPS-numbers, 
description, and mean valence and arousal ratings from the IAPS manual are shown in 
Table 4.1 (p.48). The IAPS has been validated for use in Dutch adolescents (Kolman, 
2009). All selected stimuli were considered suitable for use with children according to 
experienced child therapists. Neutral stimuli had a medium valence and a low arousal 
score.  Anxiety  relevant  stimuli  were  related  to  the  five  factors  of  the  'Fear  Survey 
Schedule for Children – Revised': Failure/Criticism, the Unknown, Minor Injury/Small 
Animals, Danger/Death, and Medical Fears (Ollendick et al., 1989). Because the IAPS 
contains  no  suitable  picture  covering  Failure/Criticism,  one  was  custom  made  (a 
school report card with low grades).
Participants were told that withholding or stopping a response is difficult and that 
sometimes they would be able to stop and sometimes they would not, so they should 
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not  worry  if  they  would  not  succeed.  They  were  explicitly  instructed  to  respond 
immediately when the go stimulus appeared and not to wait for the stop signal.  To 
optimize  performance,  extensive  feedback  was  provided  throughout  the  tasks. 
Standardized instructions were used.
Prior to administration of the neutral and the anxiety stop tasks, there were two 
practice tasks of 40 trials each. In the first practice task, participants practiced the go 
task.  In  the second practice task,  the stop task was introduced.  Stop stimuli  in  the 
practice task were neutral pictures selected from the International Affective Picture 
System (IAPS; Lang et al.,  2005; IAPS numbers: 5531, 7002, 7053, 7096, 7205). 
Following the practice tasks, the neutral and the anxiety task were administered. Task 
order was counterbalanced over participants. Both tasks consisted of two experimental 
blocks of 80 trials. The 60 go trials and 20 stop trials of each block were presented in 
a fixed-randomized order. Each experimental block was preceded by 20 trials used for 
establishing  the  tracking  algorithm.  Those  20 trials  were  not  included  in  the  data 
analysis.
Task  performance  was  indexed  by  mean  reaction  time  (MRT),  within-subject 
standard deviation of reaction times (SDRT) and percentage correct responses (%C) 
on  go  trials.  Ability  to  inhibit  was  indexed  by  the  stop  signal  reaction  time  (SSRT) 
reflecting the latency of the response to the stop signal. Since the response to the stop 
signal is a covert response (i.e. withholding the response to the go signal), SSRT cannot 
be observed, but has to be estimated by subtracting the mean delay between go and 
stop signal  from the mean RT on go trials  (SSRT=MRT–mean delay)  (Logan et  al., 
1984).
BIS/BAS-scales
Sensitivity  of  the Behavioral  Inhibition  and the Behavioral  Activation System was 
indexed by the Carver and White (1994) BIS/BAS-scales (Dutch child version: Muris et 
al., 2005). This self-report questionnaire consists of 20 items that have to be scored on 
a 4-point scale (1=not true, 2=somewhat true, 3=true, 4=very true). Seven items make 
up  the  BIS-scale,  and  include  statements  such as  'I  worry  about  making  mistakes'. 
Thirteen items make up the BAS-scale,  and include statements such as 'I  often do 
things for no other reason than that they might be fun'. Scores on the BIS/BAS-scales 
are  meaningfully  related  to  symptom  measures  and  personality  traits  in  both 
community (Muris et al.,  2005) and clinically anxious youth samples (Vervoort et al., 
2010). In the present sample, internal consistency indexed by Cronbach's  α=.70 for 
BIS-scores and α=.83 for BAS-scores. Data for the BIS/BAS-scales were missing for 
56
two participants (1 girl aged 8 and 1 boy aged 13).
Statistical Analysis
Prior to statistical analysis of the stop task data, we checked whether the tracking 
algorithm successfully established the chance of inhibition at 50%. Two boys (aged 9 
and 10) were excluded from further analyses because they inhibited in less than 45% 
of the stop trials. Two girls (aged 8 and 13) were excluded because they were outliers 
on total SSRT over both tasks (SSRT > M + 2SD, SSRT=463 and SSRT=520). Two girls 
(aged 9 and 14) were excluded because they were outliers on total %C (%C < M-2SD, 
%C=47.08 and %C=73.33). Consequently, analyses were run with 63 participants.
Go task performance was studied by three separate one-way repeated measures 
ANOVAs with task (neutral task vs. anxiety task) as within-subject variable and MRT, 
SDRT and %C as dependent  variables3.  Differences  between  both  tasks  in  term of 
inhibitory control as measured by SSRT were tested with a one-way repeated measures 
ANOVA with task (neutral  task vs.  anxiety task)  as within-subject variable.  Two-tailed 
significance is  reported (p<.05),  unless otherwise specified.  Generalized eta squared 
(η2g) is used as index of effect size for significant effects (Bakeman, 2005; Olejnik & 
Algina, 2003).  In addition to that, Pearson correlation coefficients describe relations 
between SSRT and BIS/BAS-scores. Because a directional hypothesis was formulated 
(inhibition increases with higher BIS), one-tailed significance is reported (p<.05) when 
describing the relation between SSRT and BIS-scores. 
Results
Sensitivity of the Behavioral Inhibition and Behavioral Activation System
In the present clinical sample, BIS-scores were higher (M=10.89, SD=3.83) than in 
the  community  sample  of  Muris  et  al.  (2005,  M=6.90,  SD=3.87,  t(351)=7.69, 
p<.001).  BAS-scores  (M=16.81,  SD=6.20)  were  comparable  to  those  reported  by 
Muris et al. (M=16.85, SD=6.39, t(351)=0.05, p=.96). 
Go Task Performance and Inhibition in the neutral and the anxiety task
Table 4.4 shows the major dependent variables, separately for both tasks. There 
were no differences between both the neutral and anxiety task on indices of go task 
3We also performed repeated measures ANOVAs with task as within-subject variable and task order (neutral - anxiety versus 
anxiety - neutral) as between-subject variable. Results showed no effects of task order. There were no practice effects on %C 
and SSRT, but MRT and SDRT decreased from the first to the second task. 
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performance.  Response  inhibition  was  enhanced  when  stop  signals  were  anxiety-
relevant  compared  to  when  stop  signals  were  neutral,  as  indicated  by  the  small 
significant main effect of task on SSRT, η2g=.04. 
Table 4.4 Go task performance and Inhibition in the neutral and the anxiety task
neutral task anxiety task repeated measures 
ANOVA
M (SD) M (SD) F(1,62) p
MRT (ms) 436.71 (94.22) 437.58 (92.25) 0.01 .91
SDRT 88.63 (37.45) 85.11 (36.51) 1.20 .28
%C 92.04 (3.33) 91.35 (3.62) 2.62 .11
SSRT (ms) 232.59 (72.41) 212.74 (44.94) 6.89 .01
Note. MRT:  mean  reaction  time;  SDRT:  within-subjects  standard  deviation  of  reaction  times;  %C:  percentage  correct 
responses on go trials; SSRT: stop signal reaction time.
Response Inhibition and BIS-sensitivity
High BIS-sensitivity was associated with increased response inhibition, as shown by 
the negative correlations between BIS-scores and SSRT (neutral: r=-.23, p=.04, anxiety: 
r=-.21, p=.05, both one-tailed). Response inhibition was not related with BAS-sensitivity 
(neutral: r=-.02, anxiety: r=-.13, both ps > .05).
Discussion
The present study tested the hypothesis with regard to overinhibition in children 
and adolescents with anxiety disorders. Consistent with models describing the role of 
the Behavioral Inhibition System in anxiety (e.g., Gray, 1982; Quay, 1988), the present 
sample  of  clinically  anxious  youth  reported  higher  sensitivity  of  the  BIS  than  a 
community sample (Muris et al., 2005). In addition, behavioral inhibition as measured 
with the Stop Task was increased in a threatening situation compared to in a neutral 
situation, as indexed by a faster SSRT in the anxiety-relevant than in the neutral version 
of the task.
Although  inhibitory  performance  of  anxious  youth  has  been  studied  in  previous 
studies (e.g., Korenblum et al, 2007; Manassis et al., 2000), this was done mainly to 
compare the performance of participants with ADHD with the performance of another 
clinical group. The present study is the first to focus explicitly on inhibition in children 
and adolescents with anxiety disorders. Most studies comparing inhibitory performance 
between anxious youth and normal controls failed to find firm evidence for increased 
behavioral inhibition in anxious youth (for review, see Oosterlaan et al.,  1998). In this 
present study,  inhibition in clinically  anxious children and adolescents is  found to be 
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increased when stop signals are threatening stimuli. This finding is consistent with BIS-
models of anxiety (Gray, 1982, 1987; Quay, 1988). 
Self-reported  sensitivity  of  the  Behavioral  Inhibition  System was  associated  with 
increased inhibition as measured with the Stop Task. The negative correlation between 
BIS-scores and SSRT suggests  that the high sensitivity  in  the BIS,  characteristic  of 
clinically anxious youth, is associated with a faster inhibition process. It remains unclear, 
however, which mechanisms are responsible for the increased threat-related inhibition 
found in the present study. Research on attentional processes in anxiety suggests that 
anxiety is associated with a faster detection of threat stimuli (for reviews, Bar-Haim et 
al., 2007; Puliafico & Kendall, 2006; Yiend, 2010). This faster detection of threatening 
stimuli  compared  to  neutral  stimuli  could  lead  to  earlier  initiation  of  the  inhibition 
process. Alternatively, the faster inhibition process in the anxiety-related task might be 
the result of the combination of the use of threatening stimuli and the hyperactivity of 
the BIS, which is thought to be characteristic for anxiety disorders (e.g., Gray, 1982, 
1987; Quay, 1988). Future studies should clarify this issue, by investigating whether 
the link between inhibition and anxiety is mediated by attentional processes.
In  previous  studies,  measures  of  BAS-sensitivity  were  positively  correlated  with 
SSRT (e.g., Avila & Parcet, 2001), indicating that overactivity in the BAS was associated 
with poorer inhibition. The absence of this relationship in the present study could be due 
to  the  stronger  BIS-sensitivity  in  the  anxiety-disordered  sample  overruling  possible 
effects of BAS-sensitivity. This finding is consistent with ideas formulated by Corr (2001; 
2002) concerning the relations between BIS and BAS. Corr stated that under normal 
conditions  BIS  and  BAS  jointly  influence  behavior.  In  extreme  cases,  as  with  the 
hyperactive  BIS  associated  with  anxiety  disorders,  however,  Corr  expected  that  the 
systems would act independently as separate systems, because the hyperactive BIS-
system would be dominant, neutralizing the effect of BAS-activity.
Although results of the present study clearly suggest that threat-related inhibition is 
enhanced in a clinically anxious, the present work has some limitations. First, inhibitory 
functioning of the clinically anxious sample was not compared directly with that of a 
normal  control  sample.  In  a  pilot  study  administrating  the  neutral  and  the  anxiety-
relevant version of  the Stop Task a community sample of  children and adolescents 
(aged 7- 18), we found no differences between both versions (Vervoort, 2009). Future 
studies should complement  the within-group comparison from the present study by 
investigating between-group differences in a case-control design, with large samples of 
carefully  selected  clinically  anxious  participants  and participants  not  diagnosed with 
anxiety. Second, although the stop signal paradigm is a valid and reliable measure of 
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inhibition (e.g., Kindlon et al., 1995), it measures only one form of response inhibition, 
i.e. behaviorally withholding a prepotent, but discrete response. The paradigm, however, 
provides  no  information  of  other  types  of  response  inhibition,  such  as  interrupting 
continuous responses. Related to this issue, the stop signal task measures response 
inhibition, so it remains to be tested whether our results can be generalized to other 
forms of inhibition, as interference control, cognitive inhibition and oculomotor inhibition 
(Nigg,  2000).  Research  on  oculomotor  inhibition,  for  example,  shows  decreased 
inhibitory efficiency in anxious adolescents (e.g., Jazbec, McClure, Hardin, Pine, & Ernst, 
2005).  Since  both  response  and  oculomotor  inhibition  are  affected,  it  can  be 
speculated that there is a central inhibition problem in anxiety. The exact nature of the 
inhibition problem in anxiety, however, remains unclear and awaits further investigation.
In  spite  of  its  limitations,  the  present  research  provides  empirical  evidence  for 
increased threat-related behavioral inhibition in childhood and adolescent anxiety. It thus 
supports models of anxiety that associate activity in the Behavioral Inhibition System 
with  anxiety  (e.g.,  Gray,  1982,1987;  Quay,  1988).  Knowledge  of  threat-related 
processes  increases  our  understanding  of  the  development,  maintenance  and 
reduction of anxious psychopathology. Ultimately, instruments assessing anxiety-related 
processes, like the anxiety-relevant Stop Task, might become useful in the detection of 
individuals at risk for anxiety disorders.
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V BIS-activity :: The evaluation-output
STUDY  1:  ASSESSING  AUTOMATIC  EVALUATIONS  IN  CHILDREN, 
ADOLESCENTS AND ADULTS, USING A MODIFIED PICTORIAL VERSION OF THE 
EXTRINSIC AFFECTIVE SIMON TASK 
Abstract This  study  examined automatic  evaluations in  children,  adolescents  and 
adults,  using a modified Extrinsic Affective Simon Task (EAST).  Pictorial  stimuli  were 
used as exemplars for positive, neutral, negative and anxiety relevant target categories. 
Participants (n=82) were recruited from the general population and were both male 
and female. They varied in age between 6 and 26 years. Results provide initial evidence 
for  the usefulness of  the pictorial  EAST as a measure for automatic  evaluations of 
neutral, negative and anxiety-relevant stimuli in children, adolescents and adults. No age 
differences in automatic evaluations were found.
Vervoort, L., Hogendoorn, S.M., Wolters, L.H., Prins, P.J.M., de Haan, E., & Boer, F. (submitted).
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The way a stimulus is evaluated influences how that stimulus is processed and how 
it affects behavior. Such rapid and early evaluations are relatively simple, focused on 
valence discrimination.  They are assumed to be automatic and occurring outside of 
conscious  awareness  (e.g.,  Ferguson &  Zayas,  2009;  Zajonc,  1984),  which  makes 
them unavailable for introspection and the use of direct self-report instruments. Direct 
instruments  have  several  other  limitations,  such  as  respondents'  unwillingness  to 
disclose information or distorting information or their inability to  report on unconscious 
processes (e.g., Nisbett & Wilson, 1977).
In  recent  years,  several  indirect  or  implicit  measures  have  been  developed, 
especially in attitude-research. With indirect measures, participants are not asked to 
report on their attitudes, but attitudes are derived from their behavior, such as reaction 
times and error rates on a computer task. Because participants are not asked directly 
to report on the attitude to be measured, chances are minimized that they will fake or 
distort  their  responses (Greenwald  et  al.,  1998).  Furthermore,  in  case of  repeated 
measurements,  it  is  unlikely  that  people  produce the  same response  pattern  on a 
performance task twice. Most importantly for the present study, with implicit measures 
it is possible to assess automatic evaluations. 
Various implicit measures have been developed to assess automatic evaluations in 
social psychology (Fazio & Olson, 2003), addiction research (Rooke et al., 2008), and 
clinical psychology (Huijding, 2006). The most extensively used implicit instrument is the 
Implicit  Association Test (IAT,  Greenwald et  al.,  1998),  a reaction time sorting task 
assessing  automatic  associations  between  two attribute  concepts  (e.g.  flowers and 
insects)  and  a  bipolar  target  concept  (e.g.  positive  vs.  negative).  Participants  are 
instructed to sort the concepts using two response keys. The task consists of two test 
phases in which the response rules are reversed (e.g. press right key for flowers and 
negative and press left key for insects and positive in the first phase vs. press right for 
flowers and positive and press left for insects and negative). Responses are expected to 
be faster and more accurate in the phase when valences of the categories that share a 
key are congruent (e.g. flowers and positive) than when valences are incongruent (e.g. 
flowers and negative). Automatic attitudes are inferred by comparing performance in 
congruent  and  incongruent  phases.  Although  the  IAT  is  the  most  frequently  used 
implicit measure in psychopathology, another paradigm, the Extrinsic Affective Simon 
Task (EAST; De Houwer, 2003a) is increasingly used. One major advantage of the EAST 
is that it assesses simple (i.e. non-relative) evaluations (e.g. one has positive evaluations 
of  flowers),  whereas  the  IAT only  assesses  relative  evaluations (e.g.  one  has  more 
positive evaluations with flowers than with insects). 
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In the original EAST, participants are asked to sort verbal stimuli that are presented 
on a computer screen, using one of two response keys, being as fast and accurate as 
possible.  In the task, two types of stimuli are presented: attribute stimuli  and target 
stimuli.  In  the  first  phase,  participants  have  to  sort  attribute  stimuli  according  to 
valence, pressing one key when positive stimuli are presented, and the other key when 
negative stimuli are presented. Due to constant pairing of one key with positive and the 
other key with negative, both keys acquire an extrinsic valence. In the second phase, 
positive, neutral or negative target stimuli are presented. When target stimuli appear 
on the screen, participants have to ignore their valence and sort them according to a 
stimulus feature that is  unrelated to valence,  for example color.  In  the third phase, 
attribute and target stimuli  are presented intermixed,  and participants have to sort 
them using the appropriate sorting rule (valence for attribute stimuli, color for target 
stimuli). Target stimuli are presented once in each color, resulting in congruent trials 
(valence of target stimulus and extrinsic valence of response key are the same) and 
incongruent  trials  (valence of  target stimulus and extrinsic  valence of  response key 
differ). By comparing performance on congruent and incongruent trials, the automatic 
evaluation of target stimuli can be inferred. Recently, a pictorial version of the EAST has 
been developed by Huijding and de Jong (2005a, b), which proved sensitive to valence 
differences:  automatic  evaluations  were  different  for  positive,  neutral  and  negative 
pictures. 
Most research on automatic evaluations has been done with adult  participants, 
while research on those processes in children remain scarce (Huijding et al., 2010). In 
social psychology, the IAT has been used to study the racial attitudes of children and 
adolescents aged 6 to 16. Results indicate that the IAT is able to detect an automatic 
preference of white over black faces in children, similar to the automatic preference 
that is found in adults (e.g., Dunham et al., 2007; Baron & Banaji, 2006; Rutland et al., 
2005; Sinclair et al., 2005). Using the EAST to study automatic evaluations of food in 
children with  and without  obesity  (aged 13-16),  Craeynest  and colleagues found all 
children to have positive implicit  attitudes towards food in general (Craeynest et al., 
2005). Using the IAT with obese children and lean controls (aged 9-18), both groups 
showed an  automatic  preference  for  healthy  over  unhealthy  food  (Craeynest  et  al., 
2007).  In  addiction  research,  both  the IAT and the EAST have been used to study 
predictors  of  substance  abuse  in  adolescents;  results  indicated  that  automatic 
evaluations predicted unique variance in substance use (e.g., Ames et al., 2007; Thush 
et  al.,  2007).  These  studies  show that  automatic  evaluations can  be  measured  in 
participants as young as six years.
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The present study adds to this line of research by examining automatic evaluations 
in children and adolescents and comparing it  with those of adults.  We adapted the 
pictorial EAST (Huijding & de Jong, 2005a, b), for use with younger participants (see 
below)  and  tested  whether  automatic  non-relative  evaluations  of  different  types  of 
stimuli  (positive,  neutral  and negative)  can be measured in  a  community sample of 
children, adolescents and adults. As this study is part of a larger research project on 
implicit and explicit cognition in childhood anxiety, we included anxiety-relevant stimuli in 
order to explore potential  differences between automatic reactions toward negative 
and anxiety-relevant stimuli.
The present study aims: (1) to replicate (pictorial) EAST-effects in a population of a 
broad  age  range,  and  (2)  to  compare  automatic  evaluations  of  different  stimulus 
categories between children, adolescents and adults.
Method
Participants
Eighty-two participants took part in this experiment. They were divided in three age 
groups: children (6-12, mean age in months:  M=121.75,  SD=19.85,  n=28, 16 girls), 
adolescents (13-18, mean age in months: M=187.16, SD=25.73, n=31, 25 girls) and 
adults (19-26,  n=23, mean age in months:  M=261.70,  SD=27.24, 16 women). The 
youngest (6-18 years) participants were recruited at primary and secondary schools in 
the Amsterdam region. Older participants (18-29 years) were first year students at the 
University of Amsterdam. All participants provided written informed consent (including 
written consent by the parents of the non-adult participants).
Extrinsic Affective Simon Task
In  order  to  make  the  EAST  suitable  for  use  with  younger  participants,  several 
adaptations were made.  First,  the  task was presented in  a  game-like format,  using 
levels and providing frequent feedback. After each level, participants could take a self-
paced break. Second, valence discrimination was made the primary task by including 
more attribute (i.e.  evaluation)  than target trials in the test  phase.  Third,  to remind 
participants which key to press and to strengthen the extrinsic valence of the keys, we 
placed a happy and a sad smiley on the appropriate response key. Fourth, to ensure 
that participants understood what to do, they had to repeat the instructions in their 
own words. Fifth, we used pictorial positive, neutral, negative and anxiety-relevant stimuli 
that were relevant for children (see below).
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The present  EAST consists of  three phases.  In  the attribute phase,  each of  12 
stimuli (6 positive and 6 negative, see below) is presented three times. Stimuli in this 
phase have a yellow border. Participants have to press the L-key (with  J)  when the 
stimulus is positive and the A-key (with L) when the stimulus is negative. In this phase, 
both  keys  are  assumed  to  become  extrinsically  valenced.  In  the  target  phase,  24 
pictures (6 positive, 6 negative, 6 neutral and 6 anxiety-relevant) are presented in either 
portrait or landscape format (Huijding & de Jong, 2005a). Stimuli in this phase have a 
grey border.  Participants have to press the  J-key in response to a portrait  format 
picture and the L-key in response to a landscape format picture. All target pictures are 
presented once, resulting in 24 target trials. Half of the trials are portrait trials, half 
landscape  trials.  In  the  test  phase,  all  attribute  and  target  stimuli  are  presented 
intermixed in a fixed randomized order. When an attribute stimulus (with yellow border) 
is  presented,  participants have to respond according to  valence (positive:  press  J, 
negative: press L). When a target stimulus (with grey border) is presented, valence has 
to be ignored and a response to form has to be made (portrait: press  J, landscape: 
press L). In the test phase, there are four blocks. In each block, all attribute stimuli are 
presented 5 times and all target stimuli are presented once in portrait format and once 
in landscape format. Before each phase and before each block, instructions appear on 
the screen. Each phase and each block is followed by feedback (‘Congratulations, you 
have completed this level') and a self-paced pause. All trials have the same structure. A 
fixation cross (+) is presented for 750 ms, followed by the (attribute or target) stimulus 
that stays on the screen until a response is made. After the response, feedback (green 
thumbs up after correct response,  red cross after incorrect response) is  displayed 
under  the  stimulus  for  500  ms.  The  next  trial  starts  immediately  after  feedback. 
Reaction time  and accuracy are  recorded for  each  trial.  Participants  are  asked to 
respond as quick and as accurate as possible. To be able to react as fast as possible, 
they are instructed to keep their fingers on the response keys.
EAST-stimuli.  Stimuli for the EAST were pictures, all considered suitable for children 
according to experienced child therapists. Attribute stimuli were square pictures (375 
x 375 pixels) with a yellow border (12 pixels), selected from the International Affective 
Picture Systems (IAPS) based on the ratings (ranging from 1 to 9) provided in the 
technical  manual  (Lang et  al.,  2005).  There were 6 positive attribute stimuli  and 6 
negative attribute stimuli. Target pictures were rectangular and had a grey border (12 
pixels). They were presented in either landscape or portrait format (respectively 375 x 
328 pixels and 328 x 375 pixels). There were four types of target pictures: positive, 
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negative,  neutral  and anxiety-relevant.  All  positive,  negative  and neutral  stimuli  were 
selected from the IAPS. Anxiety relevant stimuli were related to the five factors of the 
'Fear  Survey  Schedule  for  Children  –  Revised'  (FSSCR,  Ollendick,  1983): 
Failure/Criticism,  the  Unknown,  Minor  Injury/Small  Animals,  Danger/Death,  and 
Medical  Fears  (Ollendick  et  al.,  1989).  All  but  one  were  selected  from  the  IAPS-
database.  Because the IAPS contains no suitable picture covering Failure/Criticism, 
one was custom made (a woman showing disapproval). IAPS-numbers, mean valence 
and arousal ratings from the IAPS manual are shown in Table 5.1. All stimuli first were 
directly rated on valence and arousal in an independent sample of 48 children (age: 
M=12.69,  SD=1.01; 24 girls) (Kolman, 2009).  Ratings were similar to those in the 
IAPS manual.
Apparatus. The experiment was run on a laptop computer (Dell Inspiron I9300), with 
17' LCD display and qwerty-keyboard. The EAST was programmed using E-Prime v1.1 
software (Psychology Software Tools, Inc., Pittsburgh, USA; www.pstnet.com/eprime).
Table 5.1 IAPS numbers, description, mean valence and arousal rating of the EAST-stimuli.
IAPS manual Dutch adolescents 
valence arousal valence arousal
attribute stimuli (with yellow border)
positive (1920: dolphins, 2222: boys reading, 7250: cake, 
7450: cheeseburger, 8190: skier, 2160: father)
7.29 4.92 7.26 3.21
negative  (2688:  hunter,  2700:  sad  women,  2722:  jail, 
2900: boy crying, 9402: mob, 9515: handicapped)
3.19 4.89 2.60 5.29
target stimuli (with grey border)
positive (2530: couple, 2598: family, 4625: couple, 5764: 
field, 8186: sky surfer, 8600: mascot)
6.92 4.57 6.82 3.70
neutral  (7034: hammer,  7057: coffee,  7060:  trashcan, 
7130: truck, 7192: vase, 7496: street)
5.20 3.46 5.19 3.12
negative (2455: sad girls, 3216: paramedics, 7046: pill, 
9090: exhaust, 9300: dirty, 9340: garbage)
3.54 4.88 3.18 5.01
anxiety-relevant  (6213:  terrorist,  6550:  attack,  9440: 
skulls, 9582: injection, 9920: accident, **woman showing 
disapproval)
3.20 5.72 3.61 5.19
Note. ** this stimulus was custom made.
Results
Analyses of reaction times (RTs) and error percentages (EPs) of target trials in the 
test  phase  only  are  reported  here.  Following  De  Houwer  (2003a),  reaction  times 
slower than 3000 ms or faster than 300 ms were recoded as 3000 ms and 300 ms 
respectively.  Furthermore,  only  reaction times of trials  with correct responses were 
analyzed. Five participants were excluded from analyses, because their EP on target 
trials in the test phase was higher than the M+2SD of their age group. Results for the 
remaining 77 participants are reported (age 6-12:  n=24, 16 girls, age 13-18:  n=31, 
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23 girls, age 19-26: n=22, 15 girls).
Reaction times and error percentages
Overall, mean RT in the test phase was 974 (SD=284), EP was 10.25 (SD=6.84). 
Both RT (r=-.60, p<.001) and EP (r=-.38, p <.01) were significantly correlated with age 
(in months), indicating that older participants responded faster and made fewer errors. 
Table 5.2 shows mean RTs and EPs in the test phase for all three age groups. 
Table 5.2. Mean (and SD) reaction times and error percentages 
in the test phase as a function of age group
RTs EP
age M (SD) M (SD)
6-12 1184 (233) 15.70 (11.37)
13-18 929 (263) 11.47 (10.10)
19-26 777 (144) 8.54 (6.53)
EAST-scores
EAST-scores,  for  both  RTs  and  EPs,  were  calculated  for  each  target  category 
(positive, neutral, negative, anxiety-relevant) by subtracting the response on target trials 
in the test phase, on which the correct response was extrinsically positive (i.e. portrait 
trials)  from  trials  on  which  the  correct  response  was  extrinsically  negative  (i.e. 
landscape trials).  This  way,  positive  EAST-scores indicate  positive  evaluations  of  the 
target category, while negative EAST-scores indicate negative evaluations. EAST-scores 
that do not differ from zero indicate neutral evaluations. Descriptives for EAST-scores 
based on RT and based on EP for positive, neutral, negative and anxiety-relevant stimuli 
in the three age groups, and in the total sample are presented in Table 5.3.
EAST-effects
To test  whether  EAST-effects  emerged  in  the  total  sample,  we  performed  one-
sample t-tests with test value zero on both RT- and EP-based EAST-scores for each 
stimulus category (Table 5.3), using Bonferroni-correction for multiple testing (8 tests). 
No EAST-effects were found using RT-based EAST-scores. RT-based EAST-scores did 
not differ from zero for positive (t(77)=-1.45, p=.15), negative (t(77)=-0.45, p=.65) nor 
anxiety-relevant  stimuli  (t(77)=2.92,  p=.005),  and RT-based EAST-scores for  neutral 
stimuli  did  significantly  differ  from zero (t(77)=4.49,  p<.001).  Using EP-based EAST-
scores  however,  EAST-effects  were  found  for  neutral,  negative  and  anxiety-relevant 
stimuli. EP-based EAST-scores for neutral stimuli (t(77)=2.00, p=.05) did not differ from 
zero. EP-based EAST-scores for negative (t(77)=-6.21,  p < .001) and anxiety-relevant 
t(77)=-7.55,  p <  .001, stimuli  were significantly  negative.  EP-based EAST-scores for 
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positive stimuli did not differ significantly from zero (t(77)=-2.46, p=.02)
Since  no  EAST-effects  were  found  using  RT-based  EAST-scores  they  were  not 
included for further analyses. As no meaningful EAST-effect was found for the positive 
category,  only  analyses  of  EP-based  EAST-scores  for  neutral,  negative  and  anxiety-
relevant stimuli will be reported.
Table 5.3. Mean EAST-scores (and SD) separately for each stimulus category, as a function of age group and 
for the total sample 
Positive Neutral Negative Anxiety-relevant
M (SD) M (SD) M (SD) M (SD)
Reaction time based EAST-score
6-12 -41 (166) 68 (189) 11 (235) 57 (250)
13-18 -14 (161) 91 (220) 5 (171) 64 (174)
19+ -16 (108) 117 (111) -41 (105) 84 (93)
total -24 (148) *90 (182) -6 (181) 67 (186)
Error percentage based EAST-scores
6-12 -8.33 (12.16) 3.82 (11.65) -7.29 (14.24) -10.59 (15.78)
13-18 -0.94 (12.76) 1.48 (12.00) -11.02 (12.39) -12.77 (14.07)
19+ -2.27 (13.09) 2.84 (10.56) -7.20 (10.06) -14.02 (14.00)
total -3.63 (12.92) 2.60 (11.93) *-8.77 (12.38) *-12.45 (14.47)
Note. *: one sample t-test, testvalue=0, α < .001, only carried out for the total sample.
Comparisons across age groups
To test whether EAST-effects varied between age groups, a mixed models ANOVA 
with  target  category  (neutral,  negative  and  anxiety-relevant)  as  repeated-measures 
variable and age group as between-subject variable was conducted on EP-based EAST-
scores.  There  was  a  significant  main  effect  of  target  category  (F(2,148)=36.10, 
p<.001).  Repeated  contrasts  revealed that  the  difference  between  EAST-scores  for 
neutral  and negative stimuli  (F(1,74)=41.22,  p<.001,  ηp2=.36) was larger than the 
difference  between  EAST-scores  for  negative  and  anxiety  relevant  stimuli 
(F(1,74)=4.70,  p=.03,  ηp2==.06). The main effect of age group (F(2,74)=.64,  p=.53) 
and the interaction between target category and age group (F(4, 148)=0.33,  p=.86) 
were  not  significant,  indicating  that  there  were  no  age  related  differences  in  the 
evaluation of the different target categories.
Reliability
Reliability in terms of internal consistency for EP-based scores was assessed using 
the  even/odd  methodology.  Each  target  category  was  divided  in  two  halves,  by 
alternatively  assigning  EAST-scores  for  each exemplar  of  a  category  to  one of  two 
halves.  Each  half  thus  contained  three  items  per  target  category.  Pearson's 
correlations  between  both  halves  were  .27,  .38  and  .25 for  neutral,  negative  and 
anxiety relevant targets respectively. Applying the Spearman-Brown split-half formula to 
these correlations  resulted  in  reliability  coefficients  of  .43,  .55 and .40 for  neutral, 
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negative  and  anxiety  relevant  EP-based  EAST-scores  respectively.  Following  the 
suggestion by Voss,  Rothermund, & Wentura (2003), we also investigated reliability 
based on interindividual variances using intraclass correlation coefficients for two-way 
models,  using  the  consistency  definition,  ICC(C,1)  (McGraw  &  Wong,  1996).  The 
significant  ICC  indicated  that  targets  were  evaluated  consistently  by  different 
participants, ICC(C,1)=.64, F(77,1748)=2.76, p<.001.
Discussion
The present study examined a pictorial version of the Extrinsic Affective Simon Task 
as a measure of automatic evaluations of different types of stimuli,  in  a community 
sample with a broad age range. Using EP-based EAST-scores, we found initial evidence 
for the usefulness of this pictorial version of the EAST to assess automatic evaluations 
of neutral, negative and anxiety-relevant stimuli, in children, adolescents and adults. No 
significant age related differences in EAST-effects were found. 
These results partially replicate previous findings (e.g., Huijding & de Jong, 2005a, 
b) suggesting that the pictorial EAST is sensitive to valence differences of both positive, 
neutral, negative and anxiety-relevant stimuli. In the present study only neutral, negative 
and anxiety-relevant stimuli, produced meaningful EAST-effects. One explanation relates 
to the arousal level of the positive target category. Following theories emphasizing the 
importance  of  arousal  in  the  relation  between  valence  and  information  processing 
(Lang, 1995), stimulus valence may determine the direction of the EAST-effect, while 
arousal levels determine the magnitude of the effect. The arousal component of the 
negative and anxiety-relevant stimuli in the present study was strong, resulting in EAST-
scores differing  significantly  from zero,  while  the  arousal  component of  the positive 
stimuli  was  weak,  resulting  in  a  lack  of  EAST-effect  on this  category.  Furthermore, 
consistent  with  the  notion  of  negativity  bias  in  the  affective  system  (Cacioppo  & 
Berntson, 1994) positive stimuli compared to negative and anxiety-relevant stimuli may 
need an even stronger  arousal  component  to elicit  automatic  reactions.  Therefore, 
future studies should examine positive stimuli with higher arousal levels.
The present study provides an age downward extension of the Huijding and de Jong 
(2005b) study that included participants who varied considerably in age and level of 
education. However, that study did not include participants younger than 14 years. In 
the present study, participant's age ranged between 6 and 26 years, thereby covering 
childhood, adolescence and (early) adulthood. The present study is the first to assess 
automatic evaluations of pictorial stimuli using the EAST in participants as young as 6. 
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Testing the applicability of instruments in young samples, and making adaptations, is 
important for a number of reasons. First, one cannot assume a priori that paradigms 
that  are  used  in  adult  research  can  readily  be  transferred  to  childhood  research 
without adaptations (Vasey & Lonigan, 2000). Second, stimuli need to be relevant and 
age  appropriate.  Therefore,  in  the  present  study,  stimulus  selection  was  done  in 
consultation  with  child  therapists  and  aimed  at  matching  children's  interests. 
Furthermore,  one needs to verify  whether young participants know and understand 
what  they  have  to  do  by  using  child  friendly  instructions.  In  the  present  study, 
participants were also asked to repeat instructions in their own words. In addition to 
that, smileys were put on the response keys to remind participants of the valence of the 
keys. Results of the present study showed age-related differences in both speed and 
accuracy of performance on the task. Children aged 6 to 12 were slower compared to 
adolescents  and  adults,  but  adolescents  were  equally  fast  as  adults.  In  our  study, 
children made more errors than adults, but their error percentage (EP=12.98%) is 
substantially lower than the one reported in Huijding and de Jong (2005b). Apart from 
those procedural  elements,  there  are  other,  process related issues.  Developmental 
research  has  found  developmental  differences  in  various  cognitive  processes  (e.g., 
attention:  Rueda,  et  al.,  2004  ;  response  inhibition:  Dimoska,  Johnstone,  Chiswick, 
Barry,  &  Clarke,  2007),  so  one  cannot  a  priori  exclude  age-related  differences  in 
automatic evaluative processes. In the present study, EP-based EAST-scores did  not 
differ  significantly  between  the  three  age  groups  suggesting  that  there  were  no 
differences  in  the  automatic  evaluations  of  pictorial  stimuli  between  children, 
adolescents  and adults.  This  finding  is  consistent  with  results  by  Baron  and  Banaji 
(2006) who found no age differences in automatic attitudes measures with the IAT.
In the present study, EAST-effects were found in both men and women. There were 
no sex differences in EAST-scores. Although direct ratings of IAPS stimuli sometimes 
diverge between men and women (Lang et  al.,  2005),  automatic evaluations of the 
stimuli selected for the present study did not. Future research may investigate possible 
sex differences in automatic evaluations of stimuli that are known to be rated differently 
by men and women.
EP-based EAST-scores resulted in meaningful EAST-effects. RT-based EAST-scores, 
however, did not. Although consistent RT-based and EP-based EAST-effects have been 
found with the original verbal EAST (de Houwer, 2003a), most recent studies report EP-
based EAST-scores only (e.g., Birch, et al., 2008; Huijding & de Jong, 2005b, Stahl & 
Degner, 2007). 
Irrespective of our efforts to increase reliability (i.e. reducing method variance, using 
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pictorial stimuli), internal reliability was well below .80. Low internal consistency is not 
uncommon in  the  EAST-literature  (e.g.,  Huijding  & de Jong,  2005a,  b;  Schmukle & 
Egloff, 2006) and may be related to the heterogeneity of the target categories used. In 
the present study, each category consisted of 6 specific exemplars, which may not have 
been equally representative for their category. Reducing the number of exemplars per 
category or selecting more similar exemplars could decrease variability and increase 
reliability. Huijding and de Jong (2005b) suggest not only to decrease the number of 
exemplars,  but also to decrease the number of target categories.  In addition,  using 
idiosyncratic stimuli that are chosen by the participants themselves could lead to better 
internal consistency. Voss et al. (2003) on the other hand, suggest that reliability for 
implicit  evaluations  should  not  only  be  described  in  terms  of  internal  or  interitem 
stability, but also in terms of interindividual stability. In their study, interitem stability was 
found to be low, while, at the same time, interindividual stability was high. Reliability in 
the  present  study  revealed  a  similar  pattern.  Internal  consistency  was  low  while 
interindividual reliability was high.
The results of the present study should be evaluated in light of its limitations. Key 
assignment  was  not  counterbalanced  and  stimulus  order  was  identical  for  all 
participants.  This  was  done  to  minimize  method  variance  in  an  effort  to  increase 
reliability.  A second limitation  relates  to stimulus selection.  To categorize  stimuli  as 
being positive, neutral or negative, we relied on ratings published in the IAPS manual. 
Those ratings were collected with American adults (Lang et al.,  2005). It would have 
been  better  to  rely  on  ratings  by  participants  having  the  same  age  and  cultural 
background as the participants in the present study. Ratings by the sample of Dutch 
adolescents in the Kolman (2009) study were comparable to those published in the 
IAPS manual. Other ratings by children also yielded comparable results (e.g., McManis, 
Bradley, Berg, Cuthbert, & Lang, 2001).
In sum, this study supports the use of the pictorial EAST as a useful measure of 
automatic evaluations of different types of stimuli, in a general population of both males 
and females of a broad age range. We were able to develop an instrument that was 
sensitive  to  valence  differences  of  pictorial  (neutral,  negative  and  anxiety-relevant) 
stimuli in different age groups. Our study is the first in which automatic evaluations of 
children,  adolescents  and  adults  were  compared  using  the  pictorial  EAST.  No  age 
effects were found. This finding extends the use of the pictorial EAST into research with 
children and adolescents, and opens up the possibility of studying automatic evaluations 
in different domains of childhood problems.
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STUDY 2: AUTOMATIC EVALUATIONS IN CLINICALLY ANXIOUS AND NON-
ANXIOUS CHILDREN AND ADOLESCENTS 
Abstract Automatic threat-related information processes are involved in childhood 
anxiety  (Bijttebier,  Vasey,  &  Braet,  2003;  Daleiden  &  Vasey,  1997).  Automatic 
evaluations of clinically anxious and non-anxious children (n=40, aged 8 -16, 18 girls) 
were compared using a pictorial Extrinsic Affective Simon Task (de Houwer, 2003a). 
Results  showed a threat-related evaluation bias  in  clinically  anxious,  but  not  in non-
anxious  children.  In  anxious  participants,  automatic  evaluations  of  anxiety-relevant 
stimuli were more negative than those of negative stimuli. In non-anxious participants, 
evaluations of negative and anxiety-relevant stimuli did not differ. Furthermore, anxious 
youth  had stronger negative  evaluations  of  anxiety-relevant  stimuli  than non-anxious 
children. Automatic evaluations of positive, neutral and negative stimuli  did not differ 
between groups. Threat-related evaluations were predictive of parent-reported, but not 
child-reported anxiety. The present study shows an automatic threat-related evaluation 
bias in youth anxiety, thus increasing evidence for information processing theories of 
childhood anxiety.
Vervoort,  L.,  Prins,  P.J.M.,  Wolters,  L.H.,  Hogendoorn,  S.M.,  de Haan, E.,  Nauta,  M.H.,  & Boer,  F.  (2010). 
Automatic evaluations in clinically anxious and non-anxious children and adolescents. Journal of Clinical Child 
and Adolescent Psychology, 39, 481-491.
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The way a stimulus is evaluated, determines how it is processed and how it affects 
behavior (De Houwer, Thomas, & Baeyens, 2001; Zajonc, 1984). Initial evaluations play 
a major role in anxiety related information processing and therefore in the etiology and 
maintenance of internalizing psychopathology (e.g., Beck & Clark, 1997; Bijttebier et al., 
2003;  Daleiden  &  Vasey,  1997;  Mogg  &  Bradley,  1998).  Information  processing 
models describe the stepwise processing and modification of information from stimulus 
to response (Massaro & Cowan, 1993). Most information processing models are dual 
process  models,  differentiating  between  strategic  and  automatic  processing  (e.g., 
Gawronski & Bodenhausen, 2006; Strack & Deutch, 2004). Strategic processes are 
assumed to be slow, controllable and available for conscious awareness. Automatic 
processes are fast, unintentional, uncontrollable and occurring outside of awareness. 
Most cognitive processes involve both automatic and strategic aspects (e.g., Moors & 
De Houwer, 2006). For instance, although a process can be initiated unintentionally, 
that does not imply that it cannot become available for conscious awareness. Due to 
their presumed unconscious and unintentional nature, automatic processes cannot be 
measured  by  direct  or  explicit  self-report  instruments.  Instead,  indirect  or  implicit 
performance based paradigms  are  used.  Examples  of  indirect  instruments  are  the 
Affective Priming Paradigm (e.g., Fazio, Jackson, Dunton, & Williams, 1995), the Implicit 
Association Task (IAT; Greenwald et al.,  1998), or the Extrinsic Affective Simon Task 
(EAST,  De  Houwer,  2003a).  Implicit  instruments  provide  insight  on  the  automatic, 
unintentional impact of cognitions on behavior, they are less vulnerable to deliberate 
response strategies and they are predictive for other types of behavior than direct self-
report  measures  (e.g.,  De  Houwer,  2003b,  2006).  However,  since  automatic  and 
strategic  processes  cannot  be  disentangled  entirely,  it  is  impossible  to  develop  a 
measure that uniquely assesses automatic or strategic processes. Therefore, even in 
implicit measures that tap into automatic processes, there are influences of strategic 
processes (Conrey, Sherman, Gawronski, Hugenberg, & Groom, 2005).
Both automatic and strategic processes, or a combination of both, are involved in 
fear and anxiety disorders (e.g., Beck & Clark, 1997; Mogg & Bradley, 1998; Ouimet, 
Gawronski,  & Dozois,  2009).  The differentiation between the two modalities can be 
observed in the asynchrony between automatic (e.g., physiological) fear reactions and 
more strategic and controlled (e.g., self-reported or behavioral) fear responses. In Beck 
and Clark's cognitive model of anxiety (1997) automatic and strategic processes are of 
different importance in the subsequent steps of information processing. The first step 
involves the recognition of valence and personal relevance of a stimulus. The automatic 
evaluation in this stage encompasses the fast, unintentional valence identification and 
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threat appraisal of a stimulus. Once a stimulus is recognized as threatening, a threat 
schema is activated in the second step of information processing. In this second stage, 
a  mixture  of  automatic  and  strategic  processing  aims  at  minimizing  danger  and 
maximizing safety. In the third stage, more strategic processing takes place, judging the 
availability  and effectiveness of  one's  coping  capacities.  The activation of  the threat 
schema  results  in  threat-related,  cognitive  biases.  Crick  and  Dodge  (1994)  have 
proposed a model with six subsequent information-processing stages, from encoding 
(including evaluative and attentional aspects) and interpretation of information, via goal 
and response construction to response decision and behavioral  enactment.  Anxiety-
related cognitive biases may occur in all stages and in both automatic and strategic 
modality.  Most evidence for cognitive biases, however, exists in the first two stages, 
encoding and interpretation (Daleiden & Vasey, 1997; Muris & Field, 2008). 
The majority of studies on automatic information processing in anxiety has focused 
on the attentional  aspect of the encoding stage (Bar-Haim et al.,  2007; Puliafico & 
Kendall, 2006) and suggest that both anxious children and adults tend to selectively 
attend to potentially threatening stimuli. Far less is known about the evaluative aspect of 
encoding in anxiety. Mogg and Bradley (1998) explicitly state that not only attentional 
processing,  but  also  the  initial  processing  of  valence  information  is  of  crucial 
importance  since  it  determines  subsequent  behavioral  and  cognitive  responses. 
According to their cognitive-motivational view on anxiety, anxiety is associated with an 
increased threat appraisal. Anxious individuals assign a higher threat value to negative 
aversive (thus threat-related) stimuli than non-anxious individuals, and they have more 
negative  evaluations  of  threat-stimuli.  Empirical  evidence  for  the  evaluation  bias  in 
anxiety mainly  stems from studies on dysfunctional  explicit  evaluations showing that 
high anxious individuals tend to interpret ambiguous stimuli as more negative and more 
threatening as opposed to non-threatening (e.g., Mogg, Baldwin, Brodrick, & Bradley, 
2004; Taghavi, Moradi, Neshat-Doost, Yule, & Dalgleish, 2000). Less is known about 
automatic evaluation bias in anxiety. In adult anxiety research, disorder specific biased 
automatic  evaluations  have  been found  in  social  anxiety  and in  fear  of  spiders  (for 
review see Huijding, 2006).
Research on automatic evaluations in childhood anxiety is scarce. So far, no studies 
have found evidence for an association between automatic evaluations and anxiety in 
children  (Huijding  et  al.,  2010).  Using  an  IAT,  Sportel  and  colleagues  (2007,  July) 
studied  automatic  and  self-reported  evaluations  of  the  self  in  a  large  sample  of 
adolescents at risk for social phobia (n=770, aged 12-15). Although self-reported self-
esteem was related to self-reported social anxiety, indirectly measured self-evaluations 
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were not. In addition, directly and indirectly measured self-esteem were not associated. 
Vervoort, Prins, Wolters, Hogendoorn, and de Haan (2007, July) adapted the EAST for 
use  in  younger  participants  and  studied  automatic  evaluations  of  various  types  of 
pictorial stimuli, (including anxiety-relevant pictures) in a population sample of children 
(n=28, aged 6-12), adolescents (n=31, aged 13-18) and adults (n=23, aged 19-26). 
Automatic evaluations of anxiety-relevant stimuli were negative in all age groups, but not 
related  to  self-reported  anxiety.  Spence  and  colleagues  (2006)  studied  automatic 
processing  of  pleasant  and  threat-related  pictorial  stimuli  with  an  affective  priming 
paradigm. They failed to find a difference between threat processing in clinically anxious 
and matched non-anxious children (n=50, aged 7-14). As this overview shows, only a 
few  studies  have  investigated  automatic  evaluative  processes  related  to  childhood 
anxiety, and so far, all have failed to find evidence for associations between automatic 
evaluations and anxiety. 
Several  explanations  can  be  brought  forward.  In  general,  correlations  between 
implicit and explicit self-report measures are weak. In a meta-analysis of 126 studies in 
different content domains, Hofmann, Gawronski, Gschwendner, Le and Schmitt (2005) 
found a corrected correlation of r=.24 between the Implicit Association Test (IAT) and 
self-report measures of related concepts. Therefore, it is not surprising that in previous 
studies  on  automatic  evaluations  in  anxiety  only  low  correlations  have  been  found 
between  implicit  instruments  assessing  an  anxiety-related  process and  explicit  self-
report instruments assessing anxiety symptoms. The same validity issue emerges in 
studies using indirect measures to assess automatic anxiety-related attentional biases. 
Anxiety-related  group  differences  in  attentional  bias  are  frequently  found,  but 
correlations with anxiety measures are seldom reported or have been contradictory 
(Bar-Haim et al., 2007; Puliafico & Kendall, 2006). Another factor contributing to the 
low correlations between anxiety and automatic evaluations relates to the reliability of 
the assessments. Even when used in adult samples, indirect instruments often suffer 
from low internal reliability (e.g., De Houwer & De Bruycker, 2007; Schmukle & Egloff, 
2006). Little is known about reliability of implicit instruments in children (Vasey et al., 
2003). Since the validity of an instrument is related to its reliability (e.g., Carmines & 
Zeller,  1979),  poor internal  reliability  can be one reason why  previous studies with 
children failed to find associations between automatic evaluations and anxiety. Another 
factor relates to the sensitivity of indirect instruments when used with children. It is 
possible  that  these instruments  do  not  yield  the  same effects  and effect  sizes  for 
children  as  they  do  for  adults  (Vasey  et  al.,  2003).  Perhaps,  the  effects  found  in 
previous studies with young participants are too small to be associated meaningfully 
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with anxiety. Related to this, with exception of the Spence et al. (2006) study, all studies 
used non-clinically anxious participants. It might be expected that in studies including 
participants  with  anxiety  disorders,  the  association  between  anxiety  and  automatic 
evaluations would become apparent.  In the Spence et al.  (2006) study, however, no 
differences  were  found  in  the  information  processing  of  clinically  anxious  and  non-
anxious children. According to Huijding et al. (2010), this could be due to the fact that in 
the  clinically  anxious  group  children  had  different  diagnoses  (e.g.,social  phobia, 
separation  anxiety,  specific  phobias)  and  no  disorder  specific  stimuli  were  used. 
However, anxiety is related with a general threat-related cognitive vulnerability factor, 
suggesting that in addition to distorted processing of disorder specific material, there is 
also a bias in the processing of generally threatening stimuli. Although different anxiety 
disorders  vary  in  their  specific  content,  there  is  also  a  common  general  cognitive 
vulnerability (Beck & Clark, 1997; Mineka, Watson, & Clark, 1998; Mogg & Bradley, 
1998). Consistent with this notion, attentional bias is not only found with specific fear 
related  stimuli  in  children  with  spider  fear  (e.g.,  Kindt,  van  den  Hout,  de  Jong,  & 
Hoekzema,  2000)  but  also  in  samples  with  different  anxiety  diagnoses,  using 
threatening stimuli with a broad variety in content (e.g., Waters et al., 2008). Therefore, 
we  assume  that  disorder  specific  stimuli  are  not  needed  to  tap  automatic  threat-
related evaluation biases. 
The present  study examined automatic  evaluations in  clinically  anxious and non-
anxious children and adolescents using the Extrinsic Affective Simon Task (EAST, de 
Houwer,  2003a).  The EAST is  a performance-based measure of automatic affective 
associations  or  evaluations.  Previous  studies  showed  that,  based  on  performance 
accuracy,  a  pictorial  EAST  is  sensitive  to  valence  differences  of  generally  affective 
stimuli and differentiates between high and low spider fearful individuals regarding their 
evaluations of spider pictures (Huijding & de Jong, 2005a). Compared to other implicit 
measures, reliability of the pictorial EAST is acceptable, possibly because pictures are 
ecologically more valid and seem to have a more direct access to emotional information 
in memory, thereby increasing the chances of the stimulus valence to be activated and 
to  influence  performance  (Huijding  &  de  Jong,  2005a,  b).  In  addition,  studies  with 
participants of different age groups indicate that the EAST can be used in children and 
adolescents  as  in  adults  (Huijding  & De Jong,  2005b;  Vervoort  et  al.,  2007,  July). 
Therefore,  a  pictorial  EAST  is  a  well-suited  instrument  for  the  assessment  of  the 
automatic  evaluations  of  interest  in  the  present  study  (see  Method  Section  for  a 
detailed description of the task). It  was hypothesized that anxious participants would 
show  a  threat-related  automatic  evaluation  bias,  not  present  in  non-anxious 
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participants. More precisely, threat-related automatic evaluations were expected to be 
more  negative  in  clinically  anxious compared to  non-anxious children.  Additionally,  a 
difference between the automatic evaluations of negative and anxiety-relevant stimuli 
was expected in the anxious,  but not in the non-anxious group.  Furthermore,  it  was 
hypothesized that the evaluation bias would be limited to anxiety-relevant stimuli, and 
automatic evaluations of mere positive, neutral  and negative stimuli  would not differ 
between clinically anxious and non-anxious children.
We  expected  threat-related  automatic  evaluations  to  be  predictive  of  anxiety. 
Associations between threat-related automatic evaluation bias and both self-reported 
and parent-reported anxiety were investigated. Parent-report was included because in 
childhood anxiety research, the use of multiple informants has been advocated (e.g., 
Kazdin  &  Weisz,  1998).  This  is  based  on  the  idea  that  each  informant  provides 
information  about  different  aspects  of  anxiety.  Furthermore,  self-reported  anxiety  in 
children is often influenced by self-presentational strategies that could result in children 
underreporting their anxiety level (Klein & Pine, 2002). Therefore, looking at information 
of different informants might yield a more complete picture of anxiety severity.
Method
Participants
Forty participants between 8 and 16 years of age (M=12.75,  SD=2.11; 22 girls) 
took part in this study. First, 20 clinically anxious children (age: M=12.70, SD=2.25; 11 
girls) were recruited who were referred to one of two outpatient child psychiatric units 
for anxiety problems in the Netherlands. All children in this group (ANX) were clinically 
diagnosed with at least one anxiety disorder, based on the Anxiety Disorders Interview 
Schedule for DSM-IV – Child  and Parent Version (ADIS-IV:C/P, Silverman & Albano, 
1996; Siebelink & Treffers, 2001), a semi-structured interview developed to assess 
major  psychological  disorders  in  children  and  adolescents,  with  a  main  focus  on 
internalizing problems. Good to excellent test-retest reliability and inter-rater reliability 
are reported (e.g., Reuterskiöld, Öst, & Ollendick, 2008; Silverman, Saavedra, & Pina, 
2001). Children and parents were interviewed separately by experienced interviewers 
who followed a training provided by Dr. Siebelink's team. Combining information of both 
interviews,  a  clinical  diagnosis  with  clinician  severity  rating  (CSR,  range 1  -  8)  was 
provided. Following ADIS guidelines, diagnoses and CSR was established using clinical 
judgment. In addition, to standardize CSR, a scoring algorithm was developed, taking 
into account the number of domains in which the problems interfere, the frequency of 
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the problems and the intensity of the complaints.  Diagnoses were discussed during 
diagnostic  team  sessions.  Interviews  were  videotaped.  Inter-rater  reliability  was 
calculated from a random selection of 20% of the interviews and agreement for the 
primary diagnoses was satisfactory (Cohen's kappa=0.73) (Cohen, 1960).
Children were included in the ANX group when their CSR was 4 or more on at least 
one  anxiety  diagnosis  (e.g.  separation  anxiety,  social  anxiety,  specific  phobias, 
generalized anxiety disorder). There was considerable anxiety comorbidity: 11 children 
received 2 or more anxiety diagnoses.
Second, an age- and gender matched group (CON) of 20 children (age: M=12.80, 
SD=2.02; 11 girls) was formed by recruiting children and adolescents from primary 
and  secondary  schools  in  the  Amsterdam  area  (the  Netherlands).  Children  were 
included in the CON group, if no (sub-)clinical internalizing problems were reported by 
the parents on the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001) and 
children  had  no  treatment  history  for  internalizing  or  externalizing  problems. 
Furthermore, children were only included in the CON-group if their decile score on the 
trait scale of the State Trait Anxiety Inventory (for children) (STAI,  Spielberger et al., 
1983;  STAI-C,  Spielberger,  Edwards,  Lushene,  Montuori,  &  Platzek,  1973)  did  not 
exceed 6, which is far below the cut-off score for clinical anxiety (Kain, Mayes, Cicchetti, 
Bagnall, Finley, & Hofstadter, 1997). 
The  study  design  was  reviewed  and  accepted  by  the  ethics  committee  of  the 
University  of  Amsterdam and by  the  medical  ethics  committee  of  the  participating 
clinics. Written informed consent was obtained from all the children and their parents.
Measures and Materials
State Trait  Anxiety  Inventory (for  Children)  (STAI-(C)). Participants, aged fifteen and older 
(n=11),  filled  out  the  Dutch  translation  of  the  State  Trait  Anxiety  Inventory  (STAI, 
Spielberger et al., 1983; van der Ploeg, 2000). Younger participants (n=29) completed 
the child version of this  questionnaire (STAIC,  Spielberger,  et  al.,  1973; Bakker,  van 
Wieringen,  van  der  Ploeg,  &  Spielberger,  1989).  Only  the  trait  scale  of  the 
questionnaire was used, which consists of 20 items that have to be rated on a 4-point 
scale (1=almost never, 2=sometimes, 3=often, 4=almost always) in the STAI version 
and on a 3-point scale (1=almost never, 2=sometimes, 3=often) in the STAI-C version. 
Higher  scores  represent  higher  levels  of  anxiety.  To  control  for  age  and  gender 
differences, decile scores, based on normative scores, are reported. Both the STAI and 
the STAI-C, have been found to be meaningfully related with measures of anxiety,  to 
have good internal consistency and acceptable test-retest reliability (e.g., Barnes, Harp, 
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& Jung, 2002; Muris, Merckelbach, Ollendick, King, & Bogie, 2002; Holmbeck et al., 
2008). Internal consistency for the trait scores was good in the present study (α=.90 
for the STAI; α=.84 for the STAI-C).
Child Behavior Checklist 6-18 (CBCL). Parents filled out the Dutch translation of the Child 
Behavior  Checklist  (CBCL;  Achenbach & Rescorla,  2001;  Verhulst  & Van der Ende, 
2001).  The  scale  consists  of  113  items,  rated  on  a  3-point  scale  (0=not  true, 
1=somewhat  true,  2=very  or  often  true)  and  assesses  emotional  and  behavioral 
problems. Item scores are summed up to form eight narrow-band syndrome scales 
that are summed up to two broad-band scales (Internalizing Problems and Externalizing 
Problems).  Only  the  Internalizing  Scale  was  used  in  the  analyses.  Higher  scores 
represent  higher  levels  of  internalizing  problems.  To  control  for  age  and  gender 
differences,  T-scores,  based  on  normative  scores,  are  reported.  Convergent  and 
construct validity, internal consistency and short and long-term test-retest reliability are 
reported to be good to excellent (Achenbach & Rescorla, 2001). Internal consistency of 
the scale in the present study was high (α=.93).
Extrinsic Affective Simon Task (EAST). The EAST is developed as an indirect instrument 
for the assessment of automatic evaluations (de Houwer, 2003a). Participants have to 
discriminate  stimuli  based  on  valence  (positive  or  negative)  or  form  (portrait  or 
landscape) (Huijding & de Jong, 2005 a, b; Vervoort et al.,  2007, July). Reliability or 
validity information on the pictorial EAST in youth samples is unavailable up to now, but 
studies with adults suggest that a pictorial EAST might be a reliable and valid measure 
of automatic evaluations (De Houwer & De Bruycker, 2007; Huijding & de Jong, 2005 
a, b).
The task consists of three phases. In the attribute phase, each of 12 stimuli  (6 
positive  and 6 negative,  with  a  yellow border,  see below)  is  presented three times. 
Stimuli in this phase (i.e. attribute stimuli) have to be sorted according to their valence. 
Participants have to press the L-key when the stimulus is positive and the A-key when 
the stimulus is negative. In this phase, both keys are assumed to become extrinsically 
valenced due to the consistent pairing of each key with either a positive or a negative 
stimulus. To remind participants which key to press and to strengthen the extrinsic 
valence of the keys, a happy smiley J was placed on the L-key and a sad smiley L on 
the A-key.  In  the target phase,  24 pictures (6 positive,  6 negative,  6 neutral  and 6 
anxiety-relevant,  with a  grey  border,  see below),  are presented in  either  portrait  or 
landscape format. Stimuli in this phase (i.e. target stimuli) have to be sorted according 
to their format. Participants have to press the J-key in response to a portrait picture 
and the L-key in response to a landscape picture. All 24 target pictures are presented 
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once: half of the pictures are presented in portrait, half in landscape format. In the test 
phase, all attribute and target stimuli are presented intermixed in a fixed randomized 
order. When an attribute stimulus (with yellow border) is presented, participants have 
to  respond  according  to  valence  (positive:  J-key,  negative:  L-key).  When  a  target 
stimulus (with grey border) is presented, valence has to be ignored and a response to 
form has to be made (portrait:  J-key, landscape:  L-key). In the test phase, there are 
four blocks.  In each block, all  attribute stimuli  are presented 5 times and all  target 
stimuli  are presented once in portrait format and once in landscape format. Before 
each phase and before each block, instructions appear on the screen. Each phase and 
each block is followed by feedback (‘Congratulations, you have completed this level') and 
a self-paced pause. All trials have the same structure. A fixation cross (+) is presented 
for 750 ms, followed by the (attribute or target) stimulus that stays on the screen until 
a  response is  made.  After  the response,  feedback  (green  thumbs up after  correct 
response, red cross after incorrect response) is displayed under the stimulus for 500 
ms. The next trial starts immediately after feedback. Participants are asked to respond 
as quick and as accurate as possible.
EAST-stimuli. Stimuli  for  the  EAST  were  pictures,  selected  from the  International 
Affective Picture Systems (IAPS) based on the ratings (ranging from 1 to 9) provided in 
the technical manual (Lang et al., 2005). The IAPS has been validated for use in Dutch 
adolescents  (Kolman,  2009).  The  selected  stimuli  were  all  considered  suitable  for 
children  according  to  experienced  child  therapists.  Attribute  stimuli  were  square 
pictures (375 x 375 pixels) with a yellow border (12 pixels) (Figure 5.1), There were 6 
positive  attribute  stimuli  and  6  negative  attribute  stimuli.  Target  pictures  were 
rectangular and had a grey border (12 pixels). They were presented in either landscape 
or portrait format (respectively 375 x 328 pixels and 328 x 375 pixels). There were 
four types of target pictures: positive, negative, neutral and anxiety-relevant. All positive, 
negative and neutral stimuli were selected from the IAPS (Lang et al., 2005). Anxiety-
relevant  stimuli  were  related  to  the  five  factors  of  the  'Fear  Survey  Schedule  for 
Children  –  Revised':  Failure/Criticism,  the  Unknown,  Minor  Injury/Small  Animals, 
Danger/Death, and Medical Fears (Ollendick, King, & Frary, 1989). All but one were 
selected  from  the  IAPS-database.  Because  the  IAPS  contains  no  suitable  picture 
covering  Failure/Criticism,  one  was  custom  made  (a  woman  showing  disapproval, 
Figure 5.1c). IAPS-numbers, mean valence and arousal ratings from the IAPS manual 
are shown in Table 5.1 (p.66).
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Figure 5.1. Example of a. an attribute stimulus, and two target stimuli (b. portrait and c. landscape
format). Original pictures are in color.
EAST-scores.  To calculate EAST-scores, responses on target trials in the combined 
test  phase  were  used.  Although  stimulus  valence  is  irrelevant  for  the  target 
discrimination task (based on format), it is assumed that responding is facilitated on 
trials when stimulus valence is congruent with the correct response (e.g. on a portrait 
target with positive valence) compared to on incongruent trials (e.g. on a portrait target 
with negative valence). This facilitation effect allows for the evaluation of the target to be 
inferred.  Error  percentages4 of  target  trials  on  which  the  correct  response  was 
extrinsically positive (i.e. portrait trials, to which participants had to respond with the J-
key)  were  subtracted  from  trials  on  which  the  correct  response  was  extrinsically 
negative (i.e.  landscape trials,  to which participants had to respond with the  L-key), 
separately  for each target category.  This way,  positive EAST-scores indicate positive 
evaluations  of  the  target  category,  while  negative  EAST-scores  indicate  negative 
evaluations. EAST-scores that do not differ from zero, indicate neutral evaluations.
Apparatus. The  experiment  was  conducted  on  a  laptop  computer  (Dell  Inspiron 
I9300),  running  on  Microsoft  Windows  XP,  with  a  17'  LCD  display.  The  EAST  is 
programmed using E-Prime v1.1 software (Psychology Software Tools, Inc., Pittsburgh, 
USA; www.pstnet.com/eprime). Responses are collected by pressing one of two keys (L 
and A) on the qwerty-keyboard of the computer. 
Results 
Internalizing Problems and Anxiety
Table  5.4  shows  means  and  standard  deviations  on  the  anxiety  measures. 
Independent sample t-tests indicate that parent reported anxiety was higher in the ANX 
group than in the CON group, mean difference=20.95, t(36)=6.36, p<.001 (one-tailed). 
4Although consistent RT-based and EP-based EAST-effects have been reported in the original EAST-study (de Houwer, 2003), 
it is not unusual that EAST-effects are most prominent with EP-based scores (Huijding & de Jong, 2005a). Research in our 
own group showed that meaningful RT-based scores can be obtained with the pictorial EAST-version by focusing instruction 
on speed, and not, as in the original instructions and in the present study, on both speed and accuracy (Vervoort, 2009, 
March). For reasons of clarity and brevity, we choose not to report RT-based EAST-scores.
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Self-reported trait anxiety did not differ between the two groups, mean difference=.70, 
t(36)=.79, p>.05 (one-tailed).
Table 5.4 Mean (and SD) for parent reported CBCL Internalizing Problems (T-scores) and self-reported 
STAI(-C) Trait Anxiety (decile) scores for Anxiety and Control groups
Anxiety Group (n=19) Control Group (n=19)
Anxiety Measure M (SD) M (SD)
CBCL Internalizing Problems 69.00a (9.87) 48.05b (10.42)
STAI(-C) Trait Anxiety   6.50c (3.20)   5.80c (2.14)
Note. Means with different subscript differ significantly at p<.001 (one-tailed).
EAST: Error Percentages and Reaction Times
To explore possible group differences in overall performance, independent samples 
t-tests were performed on error percentages (EP) and reaction times (RT).  Results 
showed that both groups performed equally accurate (EP for ANX: M=10.08, SD=7.02 
vs. EP for CON:  M=11.09,  SD=7.77;  t(38)=-.43), and were equally fast (RT for ANX: 
M=1132.82, SD=281.51 vs. RT for CON: M=1046.59, SD=224.75, t(38)=1.06, both 
ps > .05, two-tailed).
Data from two participants (1 girl, aged 9 from the CON group and 1 boy, aged 10 
from the ANX group) were excluded from further analyses, because of too many errors 
on target trials (EP ≥ 30%) (Huijding & de Jong, 2005b).
EAST-scores 
Table 5.5 shows EAST-scores for each target category, separately for each group 
and for the total sample. To test whether EAST-scores differed from zero in the total 
sample, directional one sample t-tests were performed using Bonferroni-correction for 
multiple testing (α was set at 0.0125). EAST-scores for negative (t(37)=-5.85) and 
anxiety-relevant  stimuli  (t(37)=-6.127,  both  ps  <  .001,  one-tailed)  were  significantly 
smaller than zero. EAST-scores for positive (t(37)=-1.25) and neutral stimuli (t(37)=.07, 
both ps > .05, one-tailed) did not differ from zero.
To test whether there were group differences in the evaluations of the different 
stimulus categories, we performed a 2 (group: ANX vs. CON) x 4 (stimulus valence: 
positive,  neutral,  negative,  anxiety-relevant)  mixed  design  ANOVA  with  repeated 
measures on the last variable and EAST-score as dependent variable. Generalized eta 
squared (ηg2 ) is reported as index of effect size of significant effects (Bakeman, 2005; 
Olejnik & Algina, 2003).
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Table 5.5 Mean EAST-scores (and SD) as a function of group and target category
Target Category
Total Sample (n=38) Anxiety Group (n=19) Control Group (n=19)
M (SD) M (SD) M (SD)
Positive -2.52 (12.43) 0.00a (9.52) -5.04a (14.61)
Neutral 0.11 (10.37) -1.32b (12.27) 1.54b (8.12)
Negative -9.65 (10.16) -10.53c1 (9.95) -8.77c3 (10.57)
Anxiety-relevant      -13.71 (13.80) -17.98d2 (14.37) -9.43e3 (12.09)
Note. Bold scores are different from zero at p<.001 (one-tailed). Columns not sharing a subscript indicate group differences 
at p<. 05, one-tailed. Rows not sharing a superscript indicate a within group difference between EAST-scores for negative and 
anxiety-relevant stimuli at p<. 05 (one-tailed).
There was no significant main effect for group, F(1,36)=0.56, p>.05. The significant 
main effect for stimulus valence, F(3,108)=17.59, p<.001, ηg2=.28, was qualified by a 
significant  interaction  with  group,  F(3,108)=3.38,  p<.05,  ηg2=.07.  This  interaction 
effect  was  caused  by  the  significant  group  difference  on  EAST-scores  for  anxiety-
relevant  stimuli  (mean  difference=-8.55,  F(1,36)=3.94,  p<.05,  one-tailed,  ηg2=.10). 
There  were  no  group  differences  on  EAST-scores  for  the  other  stimulus  valence 
categories (all  ps > .05).  Further, in the ANX-group, EAST-scores for anxiety-relevant 
stimuli  were  significantly  more  negative  than  those  for  negative  stimuli  (mean 
difference=-7.46, p<.05, one-tailed). In the CON-group, this difference was absent (mean 
difference=-.66, p>.05, one-tailed).
Using EAST-scores to predict anxiety scores
Simple linear regression analyses are used to test whether automatic evaluations 
are  predictive  of  anxiety.  EAST-score  for  anxiety-relevant  stimuli  was  a  significant 
predictor of parent-reported anxiety, β=.36, R2=.13, F(1,36)=5.08, p<.05, but not self-
reported anxiety, F(1,35)=1.46, p>.05.
Internal Reliability of EAST-scores
To  assess  the  internal  (split-half)  reliability,  EAST-scores for  the  different  target 
categories were calculated, separately for each test half. Spearman-Brown corrected 
correlations between the first and the second test half were significant for all target 
categories  (positive:  rSB=.59,  neutral:  rSB=.49,  negative:  rSB=.52,  anxiety-relevant: 
rSB=.76, all ps < .01). 
Discussion
In the present study, we tested the prediction of information processing models of 
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anxiety  (e.g.,  Beck  &  Clark,  1997;  Mogg  &  Bradley,  1998)  that  early  automatic 
evaluations  are  biased  in  children  and  adolescents  with  clinical  anxiety.  Group 
differences  in  threat-related  information  processing  were  studied  by  comparing 
automatic  evaluations  of  neutral  and  affective  stimuli  by  clinically  anxious  and  non-
anxious  children and adolescents  using  a  pictorial  version  of  the  Extrinsic  Affective 
Simon Task (EAST,  de Houwer,  2003a; Vervoort,  Hogendoorn,  Wolters,  Prins et al., 
submitted).  In  the  present  study,  internal  reliability  of  the EAST was acceptable.  As 
hypothesized, clinically anxious children showed an automatic threat-related evaluation 
bias  that  was  not  present  in  non-anxious  children.  Compared  to  control  children, 
anxious children evaluated anxiety-relevant stimuli more negatively than negative stimuli 
in general. Furthermore, evaluations of anxiety-relevant stimuli were more negative in 
anxious than in control children. Although self-reported trait anxiety was not predicted 
by automatic threat-related evaluations, parent-reported internalizing problems were. 
Taken together, the present study provides initial  evidence for an automatic specific 
threat-related evaluation bias in children and adolescents associated with anxiety, which 
extends  the  evidence  for  cognitive  biases  as  described  by  information  processing 
theories  of  anxiety.  Until  recently,  most  studies  have  focused on biased attentional 
processes associated with anxiety (for reviews, see Daleiden & Vasey, 1997; Muris & 
Field, 2008), leaving the evaluation component of encoding largely unstudied. In adult 
anxiety research, there is evidence for an automatic threat-related evaluation bias in 
social phobia and spider fear (for review, see Huijding, 2006). However, studies that 
have  addressed  automatic  evaluations  in  children,  did  not  find  anxiety-related 
differences in automatic evaluations (for review, see Huijding et al., 2010). The present 
findings  provide  preliminary  support  for  the  notion  that  the  early  stages  of  threat-
related information processing are biased in clinically anxious, but not in non-anxious 
children and adolescents. Results should be interpreted with caution, however, since 
the effects found were small and replication with larger samples is needed.
The anxiety-relevant  stimuli  were of a general  nature and not associated with a 
specific  anxiety disorder.  Participants  in  the anxiety  group received different  anxiety 
diagnoses. Our results suggest that there would be no need to use disorder specific 
stimuli to tap an automatic evaluation bias in anxious youth. This is in line with models of 
anxiety stating that anxiety is related with a general cognitive vulnerability factor biasing 
several  steps  of  information  processing,  including  initial  evaluations  (Beck  &  Clark, 
1997; Mineka et al., 1998; Mogg & Bradley, 1998).
Automatic evaluation of anxiety-relevant stimuli  predicted parent-reported anxiety. 
The more anxious the parents reported their child to be, the more negative their child 
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evaluated anxiety-relevant stimuli. Automatic evaluations, however, did not predict self-
reported anxiety. The low self-reported anxiety scores in the anxiety group could explain 
the lack of association between self-reported trait anxiety and automatic evaluations. 
The anxious participants in the present study may have underreported their anxiety. 
This  is  supported  by  the  observation  that  although  the  participants  were  clinically 
diagnosed with an anxiety disorder, their mean decile score lay well below the clinical 
cut-off  score  for  clinical  anxiety  on  the  STAI(-C)  (Kain,  et  al.  1997).  Furthermore, 
although the STAI(-C) has been found to be an adequate instrument to discriminate 
between  youth  with  and  without  anxiety  disorders  (Seligman,  Ollendick,  Langley,  & 
Baldacci,  2004),  trait  scores  in  the  present  study  did  not  differ  between  groups. 
Although  the  low  anxiety  scores  in  our  clinical  anxious  sample  are  unexpected, 
underreporting  anxiety  has  frequently  been  observed  in  childhood  anxiety  literature 
(Klein & Pine,  2002).  Clinically  anxious children may underreport anxiety for various 
reasons. First, self-report is often influenced by self-presentational strategies, including 
social desirability and need for reassurance. Children may be reluctant to show their 
vulnerability or may be afraid to look stupid (Di Bartolo, Albano, Barlow, & Heimberg, 
1998).  Anxious children typically have a preference for a favorable self-presentation, 
which could lead to inaccurate reports of their own feelings and behavior (Kendall & 
Flannery-Schroeder,  1998).  Second,  anxious  children  may  underreport  anxiety 
symptoms  because  they  avoid  threatening  situations  themselves,  or  their  parents 
protect  them  from  negative  experiences.  Thus,  the  child  may  not  fully  or  often 
experience the negative consequences of his or her anxiety. Therefore, when asked to 
report their usual anxiety level, chances are high that anxious children will report low 
levels of anxiety. Although underreporting seems a probable explanation for the low self-
reported anxiety scores in the anxious group, it remains a tentative one.
Recently,  questions  have  been  raised  about  the  EAST  as  a  reliable  and  valid 
instrument for assessing individual differences. Although the EAST has been reported 
to be a useful instrument for assessing group differences with adult participants, its 
reliability  and  validity  are  often  found  to  be  insufficient  for  assessing  individual 
differences (e.g., De Houwer, 2003a; De Houwer & De Bruycker, 2007; Schmukle & 
Egloff,  2006).  Internal  reliability  of  the  EAST-scores  in  the  present  study  ranged 
between .49 (for neutral stimuli) and .76 (for anxiety-relevant stimuli). These coefficients 
are consistent with the values reported by De Houwer and De Bruycker (2007) to be 
acceptable. Moreover, the values in the present study are higher than those in studies 
with adults using other indirect paradigms, such as affective priming (Banse, 2001). 
The increased reliability of the present version of the EAST could be due to the use of 
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pictorial instead of verbal stimuli (De Houwer & De Bruycker, 2007; Huijding & de Jong, 
2005a).  In  addition  to  this  improved  reliability,  the  group  difference  in  automatic 
evaluation of  anxiety-relevant  stimuli  and the significant  association between parent-
reported internalizing problems and threat-related automatic evaluations suggest that 
this  version of  the pictorial  EAST is  a  promising instrument  for assessing individual 
differences in anxiety-related evaluations.
Some limitations should be taken into  account.  First,  the participants were of  a 
broad age range (between 8 and 16). Considering that major developmental changes 
occur in this period, it is important to consider automatic evaluations in different age 
groups in future studies using larger samples. Related to this, the stimuli used in the 
present study may not have been appropriate for the whole age range (8-16). Stimulus 
selection for the anxiety-relevant stimuli  was based on the 'Fear Survey Schedule for 
Children - Revised', which is developed for use with 6 to 12 year olds. Future studies 
should use age-appropriate stimuli for each age level thereby increasing the possibility 
for larger EAST-effects.  Second,  practical  constraints prevented us from conducting 
ADIS-C/P interviews in the CON-group. However, we asked parents to report if their 
children  had  any  psychological  problems  or  received  any  form  of  psychological 
treatment. We included children in the CON-group only if parents answered 'no' to both 
these questions,  and if  they  reported  no (sub-)clinical  internalizing  problems on the 
CBCL. Therefore, we can be fairly confident, that participants in the CON-group were 
free of major emotional problems. Third, positive stimuli failed to produce EAST-effects. 
Following  theories  emphasizing  the  importance  of  arousal  in  the  relation  between 
valence and information processing (e.g., Lang, 1995), stimulus valence may determine 
the direction of the EAST-effect, while arousal levels determine the magnitude of the 
effect. Evidence for the interaction of arousal and valence in the evaluation of stimuli 
has been found in previous studies (e.g., Robinson, Storkbeck, Meier, & Kirkeby, 2004; 
Eder  &  Rothermund,  2009).  The  arousal  component  of  the  negative  and  anxiety-
relevant  stimuli  in  the  present  study  was  strong,  resulting  in  EAST-scores  differing 
significantly from zero, while the arousal component of the positive stimuli was weak, 
resulting in a lack of EAST-effect on this category. The idea that positive stimuli yield only 
small effects is consistent with the finding that in a study with large sample of school 
children (thus with more power) EAST-scores for positive stimuli did differ significantly 
from zero (Vervoort, 2009, March).
To summarize, in the present study we have found differential automatic evaluations 
between clinically anxious and non-anxious youth,  more specifically  for anxiety-related 
stimuli. Clinically anxious youngsters evaluated anxiety-relevant stimuli as more negative 
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compared  to  their  non-anxious  peers.  Moreover,  in  the  clinically  anxious  group, 
evaluations of  anxiety-relevant  stimuli  were more negative  than evaluations of  mere 
negative stimuli. Automatic evaluations of anxiety-relevant stimuli were associated with 
parent reported anxiety in the clinically anxious but not in the non-anxious group. These 
results add to the evidence for biased information processing in child and adolescent 
anxiety, suggesting an automatic threat-related evaluation bias, associated with anxiety. 
Knowledge  of  automatic  processing  in  anxiety  can  increase  our  theoretical 
understanding  of  psychopathology  by  providing  information  on  possible  causal  or 
maintaining  factors  of  anxiety.  Knowledge  of  automatic  biases  in  children  provides 
additional  information  of  etiological  factors  for  psychopathology.  Apart  from  these 
theoretical aspects, knowledge on information processing also has potential implication 
for  the identification of  vulnerability  and resilience factors,  and for  the prediction of 
treatment outcome and relapse. At present, however, the clinical use of paradigms to 
assess automatic biases is still limited and awaits further research.
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VI BIS-activity :: The attention-output
TEMPERAMANT, ATTENTIONAL PROCESSES AND ANXIEYT: DIVERGING LINKS 
BETWEEN CLINICALLY ANXIOUS AND NON-ANXIOUS ADOLESCENTS 
Abstract Temperament and attentional biases are thought to be involved in childhood 
anxiety.  The  present  study  examined  the  links  between  reactive  temperament  (i.e. 
negative  affectivity,  NA),  regulative  temperament  (i.e.  effortful  control,  EC)  and 
internalizing problems in anxious (n=39) and non-anxious (n=35) adolescents (12-18 
years).  NA predicted internalizing problems, with no role of EC in non-anxious,  but a 
protective  role  of  EC  in  anxious  youth.  A  possible  mediator  for  this  link  relates  to 
attentional  processes.  Initial  attention towards threatening stimuli  (500 ms stimulus 
duration)  was  not  predicted  by  temperament,  but  strategic  threat-related  attention 
(1250  ms  stimulus  duration)  was.  In  non-anxious  participants,  low  EC  predicted 
strategic attentional bias towards threat, high EC predicted bias away (i.e. avoidance). In 
anxious participants,  high EC combined with  high NA predicted strategic avoidance. 
Attention  did  not  differ  between  anxious  and  non-anxious  participants  and  did  not 
predict  Internalizing  Problems.  Therefore,  no  evidence  for  the  mediating  role  of 
attention in temperament-internalizing problems associations was found.
A revised version of this paper has been accepted by the Journal of Clinical Child and Adolescent Psychology
Vervoort, L., Wolters, L.H., Hogendoorn, S.M, Prins, P.J.M., de Haan, E., Boer, F., & Hartman, C.A. (in press). Temperament, 
attentional processes and anxiety:diverging links between clinically anxious and non-clinical adolescents?
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Temperamental factors are involved in childhood psychopathology (for reviews see 
Muris & Ollendick, 2005; Nigg, 2006). According to the influential theory by Rothbart 
and colleagues, temperament has both reactive and regulative aspects (Putnam et al., 
2001;  Rothbart  &  Bates,  2006).  Reactive  factors  relate  to  high  emotionality  or 
negative affectivity (NA). NA is closely related to trait anxiety and Neuroticism (Eysenck, 
1967) and represents activity in the neuropsychological Behavioral Inhibition System 
(Gray,  1982).  Regulative  aspects  refer  to  Effortful  Control  (EC),  being  'the  ability  to 
withhold a dominant response to perform a subdominant response, to detect errors 
and to engage in planning' (Rothbart, 2004, p. 495). EC allows for the flexible regulation 
of reactivity and consists of three control components. Inhibitory control refers to the 
ability to inhibit one's actions when needed, activation control to the capacity to perform 
an action when there's  a  strong avoidance tendency and attentional  control  to the 
ability to focus and shift one's attention as needed (Ellis & Rothbart, 2001).
There is ample empirical evidence for the strong link between the reactive aspects 
of temperament and anxiety, both cross-sectional (e.g., John, Caspi, Robins, Moffit, & 
Stouthamer-Loeber,  1994;  Lonigan,  Phillips,  &  Hooe,  2003)  and  prospective  (e.g., 
Biederman, et al.  2001; Craske, Poulton, Tsao, & Plotkin, 2001). It is however not a 
sufficient causal factor, as indicated by studies showing that not all individuals with a 
high reactive temperament develop clinical anxiety (e.g., Biederman et al., 2001). It has 
been proposed that the link  between high emotionality  and internalizing problems is 
moderated by other factors, like environmental characteristics or temperamental traits 
(Degnan & Fox, 2007). One such moderating temperamental factor may be effortful 
control (Lonigan & Philips, 2001; Muris & Ollendick, 2005; Nigg, 2006). Low levels of 
EC  were  found  to  be  a  risk  factor  for  anxiety  problems,  while  high  EC  levels  were 
protective (Degnan & Fox, 2007, Eisenberg et al.,  2001; Muris, de Jong & Engelen, 
2004; Oldehinkel, Hartman, De Winter, Veenstra, & Ormel, 2004). In addition to this 
main effect on anxiety,  EC also has been found to moderate the effects of NA. High 
emotional reactivity in combination with low regulative capacities is associated with high 
levels  of  internalizing  symptoms  in  children  and adolescents  (Muris,  2006b;  Muris, 
Meesters,  &  Blijlevens,  2007;  Oldehinkel,  Hartman,  Ferdinand,  Verhulst,  &  Ormel, 
2007).
Temperament can be linked to psychopathology in multiple ways (e.g.,  Lonigan & 
Philips, 2001; Tackett,  2006). One may propose a direct link between temperament 
and psychological disorders. In such direct models, temperamental factors (either as 
main effects or through an interaction between temperamental factors) predispose to 
the  development  of  psychopathology.  Alternatively,  the  association  between 
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temperament and anxiety may be indirect and thus be mediated by factors that are 
related to both temperament and anxiety. Parenting style and family characteristics, for 
example,  were  found  to  be  (partial)  mediators  between  high  emotionality  and 
internalizing  problems  in  children  and  adolescents  (Paulussen-Hoogeboom,  Stams, 
Hermanns,  Peetsma,  &  van  den  Wittenboer,  2008;  Sentse,  Veenstra,  Lindenberg, 
Verhulst, & Ormel, 2009). Other possible mediators relate to cognitive processes of 
the  child.  Distorted  cognitive  processing  is  hypothesized  to  be  associated  with  the 
development and maintenance of anxiety (e.g., Daleiden & Vasey, 1997; Muris & Field, 
2008). The most extensively studied cognitive distortion in psychopathology is biased 
attentional processing (for reviews, Bar-Haim et al., 2007; Puliafico & Kendall, 2006). It 
has  been  argued  that  such  threat-related  attentional  processes  mediate  the  link 
between temperament and anxiety (e.g.,  Derryberry & Reed, 2002; Fox,  Henderson, 
Marschall, Nichols, & Ghera, 2005; Lonigan & Phillips, 2001). Lonigan and colleagues 
(2004) proposed a model linking temperament with the development of childhood and 
adolescent anxiety through the mediation by threat-related attentional bias. 
According to this model, high levels of reactive temperament (NA) are associated 
with an initial attentional bias towards threat-related information. This combination of 
high reactivity and attentional focus on threat potentially causes the onset of anxiety 
disorders.  Regulative  temperamental  processes  (EC),  however,  moderate  the 
relationship  between  attentional  bias  and  anxiety.  High  levels  of  regulative  control 
enable individuals to override the initial reactive attentional bias, and thus serve as a 
protective factor against the development of anxious psychopathology.  Low levels  of 
regulative  control,  however,  prevent  individuals  from  overriding  the  reactive  bias, 
thereby resulting in anxiety problems.
The present study was designed to test the predictions of the Lonigan et al. (2004) 
model  (Figure  6.1)  in  a  youth  sample  including  both  clinically  anxious  children  and 
children with variation in anxiety in the non-clinical range. Although parts of the Lonigan 
et al. model were tested previously in community samples (e.g., Lonigan & Vasey, 2009; 
Muris et al.,  2004), this study was the first to include clinically anxious participants. 
There  are  several  reasons  for  testing  the  model  in  both  clinical  and  non-clinical 
samples.  First,  research  on  the  association  between  NA,  EC  and  anxiety  is  mainly 
conducted  in  community  samples  with  low  to  middle  range  reactive  and regulative 
capacities. Longitudinal studies in community samples investigating the predictive value 
of  other  reactive  temperamental  characteristics  similar  to  NA  (e.g.,  Behavioral 
Inhibition, Shyness) suggest a link between reactivity and clinical anxiety (e.g., Chronis-
Tuscano et al., 2009; Prior, Smart, Sanson, & Oberklaid, 2000). However, the nature of 
91
this link in cases of extreme temperament, such as the higher levels of NA and the 
lower levels of EC that we expect to find in our clinically anxious group, still needs closer 
investigation. Second, while there is strong evidence for threat-related attentional bias 
in anxious adults, results from studies with children and adolescents yield smaller effect 
sizes and are far less consistent (e.g., Bar-Haim et al., 2007; Puliafico & Kendall, 2006; 
Van Damme & Crombez, 2009). Whereas some studies found evidence for attentional 
bias towards threat (e.g., Reid et al., 2006; Vasey et al., 1995), others failed to do so 
(e.g., Benoit et al., 2007; Waters, Mogg et al., 2008; Watts & Weems, 2006) or found 
attentional avoidance related to threat (e.g., Kallen et al., 2007; Legerstee et al., 2009; 
Morren et al., 2003). Furthermore, it is unclear whether attentional bias for threat is 
present  in  both  anxious  and  non-anxious  youths.  Whereas  studies  with  adult 
participants suggest that attentional bias for threat is confined to anxious individuals, 
this seems not to be the case in youth. Some studies found attentional bias in both 
anxious and non-anxious children (e.g., Waters, Wharton et al.,  2008), while in other 
studies, attentional bias towards threat was restricted to anxious youth (e.g., Roy et al., 
2008). It is clear that more research on threat-related attentional bias in both anxious 
and non-anxious youths is needed to elucidate this issue. A third reason for including 
clinically  anxious children in  addition  to children with  variation in  anxiety in  the non-
clinical range is that the nature of attentional processes and their relationships with 
individual  characteristics  may differ  between both groups.  Findings from non-clinical 
high anxious children may not generalize to children with clinical anxiety.
Figure 6.1 Model of the interactive effects of reactive and 
regulative temperament as a risk factor for anxiety, mediated 
by attentional processes (adapted from Lonigan et al., 2004).
First,  we studied  temperamental  profiles  of  NA and EC and their  relations  with 
internalizing problems. Following the Lonigan et al. (2004) model, we hypothesize that 
the association between reactive temperament and anxiety is moderated by effortful 
control.  Previous  studies  (e.g.,  Muris,  2006;  Oldehinkel  et  al.,  2007)  already  found 
unique and interactive effects of NA and EC on anxiety symptoms in community youth 
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samples.  Here,  we investigated temperamental profiles of clinically  anxious and non-
clinical youth.
Second, we studied attentional processes using the dot probe paradigm (Vasey et 
al., 1995). Lonigan et al. (2004) propose that attentional bias partly mediates the link 
between temperament and internalizing problems. That is,  the model  holds that NA 
increases internalizing problems partially through its relationship with attentional bias. 
Regarding  the  relationship  between  temperament  and  attentional  bias,  results  of 
previous  studies  with  non-clinical  youth  suggest  that  reactive  temperament  is 
associated  with  biased  attentional  processing  (e.g.,  Field,  2006;  Lonigan  &  Vasey, 
2009;  Reeb-Sutherland  et  al.,  2009;  but  see  Helzer  et  al.,  2009).  Regarding  the 
relationship between individual  differences in  attentional  bias  and internalizing youth 
problems, results of previous studies are inconclusive and it is unclear whether anxiety 
is related to attentional bias towards threat or attentional avoidance (for review, see 
Puliafico  &  Kendall,  2006).  Most  previous  studies  investigated  group  differences 
between  anxious  and  non-anxious  youth  and  do  not  report  individual  associations 
between  attentional  processes  and anxiety.  Results  of  the  few studies  that  do are 
inconsistent (e.g., Legerstee et al., 2009; Watts & Weems, 2006).
Third,  we  tested  the  prediction  that  the  effect  of  reactive  temperament  on 
attentional  bias  is  moderated  by  effortful  control.  The  Lonigan  et  al.  (2004)  model 
states that, if there is sufficient time and one has sufficient regulatory capacities, one 
can overcome one's initial attentional bias. In a study with high and low trait anxious 
adults,  Derryberry  and Reed (2002)  found differential  attentional  patterns between 
participants who were high or low in attentional control. These differences were only 
present if stimuli  were presented long enough to permit attentional  control.  Lonigan 
and Vasey (2009) tested the moderator effect of EC in the relation between NA and 
attentional bias in children and adolescents with different combinations of low and high 
NA and low and high EC. They found that, when stimuli are presented long enough for 
regulative strategies to unfold (i.e. 1250 ms), attentional bias towards threat stimuli is 
only present in participants with high levels of NA and low levels of EC. However, they did 
not investigate temperamental influences on initial attentional bias. In the present study, 
both  initial  (stimulus  presentation  duration=500  ms)  and  strategic  (stimulus 
presentation duration=1250 ms) attentional biases were studied.
Fourth,  we  tested  the  mediation  part  of  the  Lonigan  et  al.  (2004)  model;  i.e. 
attentional  processing  mediates  the  association  between  temperament  and 
internalizing problems. Prerequisites for mediation are that the predictor, in this case 
NA,  is  associated  with  both  the  outcome  and  mediator,  in  this  case  internalizing 
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problems and attentional  bias, and that the mediator significantly  contributes to the 
prediction of the outcome variable when both mediator and independent variable are 
included as predictors in the analysis (e.g.,  Baron & Kenny, 1986).  Although several 
parts of the Lonigan et al. model have been tested (e.g., Lonigan & Vasey, 2009; Muris, 
2006), the full mediation model, from temperament to attentional bias to anxiety, has 
not been studied.
Method
Participants
Seventy-four  adolescents  (ages  12-18)  took  part  in  this  study.  Thirty-nine 
participants (age: M=14.49, SD=1.64, 14 boys) were referred to one of two outpatient 
child psychiatric units for anxiety problems in the Netherlands. All adolescents in this 
group  (ANX)  were  clinically  diagnosed with  at  least  one  anxiety  disorder  (i.e.  social 
phobia, specific phobias, panic disorder with or without agoraphobia, separation anxiety, 
generalized anxiety disorder)  based on the Anxiety  Disorders  Interview Schedule for 
DSM-IV – Child and Parent Version (ADIS-IV:C/P, Silverman & Albano, 1996; Siebelink 
& Treffers, 2001). Adolescents and parents were interviewed separately. From these 
interviews,  a  clinical  diagnosis  with  clinician  severity  rating  (CSR,  range 1  -  8)  was 
derived. Adolescents were included in the ANX group when their CSR was 4 or more on 
at  least  one  anxiety  diagnosis.  In  addition,  thirty-five  non-clinical  adolescents  (age: 
M=14.49,  SD=1.56,  10  boys)  were  recruited  from  secondary  schools  in  the 
Amsterdam  area  (the  Netherlands).  They  were  included  in  this  non-clinical  group 
(nANX) only  if  no clinical  or sub-clinical  internalizing problems were reported by  the 
parents on the Child Behavior Checklist (T < 65; which corresponds to the bottom 93 
percent  of  the  general  population  according  to the  norms;  Achenbach  & Rescorla, 
2001; Verhulst & van der Ende, 2001) and they had no treatment history.
Questionnaires
Child  Behavior  Checklist  6/18. Internalizing  Problems  were  assessed  by  the  Dutch 
translation  of  the  Child  Behavior  Checklist,  filled  out  by  the  parents  (CBCL  6/18; 
Achenbach & Rescorla, 2001; Verhulst & Van der Ende, 2001). The scale consists of 
113 items, rated on a 3-point scale (0=not true, 1=somewhat true, 2=very or often 
true)  and assesses emotional  and behavioral  problems.  The instrument  consists  of 
eight  narrow-band  syndrome  scales  (Withdrawn/Depressed,  Anxious/Depressed, 
Somatic  Complaints,  Thought  Problems,  Social  Problems,  Delinquent  Behavior, 
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Attention  Problems,  Aggressive  Behavior).  The  Internalizing  Scale,  consisting  of  the 
subscales Withdrawn, Anxious/Depressed and Somatic Complaints, was used in the 
analyses.  Higher  scores  represent  higher  levels  of  internalizing  problems.  To 
accommodate age and gender differences, T-scores, based on normative scores, are 
reported.  Internal  reliability  for  the  Internalizing  Scale  in  the  present  sample  was 
excellent (Cronbach’s α=.95).
Early  Adolescent  Temperament  Questionnaire  –  Revised. Reactive  and  regulative 
temperament  was  assessed  with  the  Dutch  translation  of  the  Early  Adolescent 
Temperament Questionnaire - Revised, parent version (EATQ-R, Putnam et al.,  2001; 
Hartman & Rothbart, 2001). This instrument consists of 62 items rated on a 5-point 
scale (1=almost  never  true,  2=mostly  not  true,  3=sometimes  true,  sometimes not 
true,  4=mostly  true,  5=almost  always  true).  There  are  8  temperament  scales 
(Activation  Control,  Affiliation,  Attention,  Fear,  Frustration,  High  Intensity,  Inhibitory 
Control, Shyness) and 2 behavioral scales (Aggression, Depressive Mood). The mean 
score of the Fear, Frustration and Shyness scales indexes reactive temperament or 
Negative Affectivity (NA). The mean score of Activation, Attention and Inhibitory Control 
gives  an  index  of  regulative  temperament  or  Effortful  Control  (EC).  High  NA-scores 
indicate highly  reactive temperament,  while  high EC-scores indicate  highly  regulative 
temperament. Internal reliability for both scales was excellent in the present sample 
(Cronbach’s α=.86 for NA, α=.89 for EC). 
Dot Probe Detection Task
Attentional bias was assessed with a pictorial  version of the dot probe detection 
task (Vasey et al.,  1995; Waters et al.,  2004).  In this version of the task a pair of 
pictures is presented on a white background. On half of the trials stimulus duration was 
500 ms, while on the other half it was 1250 ms. Right after the stimuli disappeared, a 
black dot (5 mm diameter) appeared at one of the picture locations. Participants had to 
indicate whether the dot appeared left or right using the Q and P key of  a qwerty-
keyboard. Dots were equally  likely to appear at either location and remained on the 
screen until the participant made a response. The task starts with 10 practice trials 
with neutral stimuli, followed by 80 critical trials with neutral and threat-related stimuli5. 
Stimuli  were  selected  from the  International  Affective  Picture  System  (IAPS;  Lang, 
Bradley & Cuthbert, 2005), based on normative scores. The IAPS has been validated 
for use in Dutch adolescents (Kolman, 2009). Neutral stimuli had a medium valence 
and a low arousal score. Threat-related stimuli were low in valence and related to the 
5Because the present study is part of a larger research project, there were also trials with positive and OCD-related stimuli, 
resulting in a total of 160 trials. These trials are excluded from the present analysis.
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five factors of the 'Fear Survey Schedule for Children – Revised': Failure/Criticism, the 
Unknown,  Minor  Injury/Small  Animals,  Danger/Death,  and  Medical  Fears  (FSSCR, 
Ollendick, King, & Frary, 1989)6. There were 20 pairs consisting of two neutral stimuli 
(NN) and 20 pairs with one neutral and one threat-related stimulus, each appearing 
once left and once right (NT and TN). Each stimulus pair was presented twice: once 
with the dot appearing left and once with the dot appearing right. 
Using NT and TN trials, traditional attentional bias scores (AB) are calculated as the 
mean difference between trials in which the dot appears at the same location of the 
threat-relevant stimulus (congruent trials) and trials in which the dot appears at the 
opposite  location  (incongruent  trials).  Since  faster  responding  in  congruent  trials 
compared to in incongruent trials  indicates attentional  bias,  negative AB-scores are 
defined as attentional bias towards threat. Positive AB-scores are defined as bias away 
from or avoidance of threat (Mogg, Bradley, Miles, & Dixon, 2004). The NN-trials were 
used as filler trials and not included in the analysis.
Results
Temperament and Internalizing Problems: descriptives and effect of group
Table  6.1  reports  means  and  standard  deviations  for  the  measures  of 
temperament and Internalizing Problems.  Independent  samples t-tests  showed that, 
compared to nANX participants, ANX participants scored higher on NA,  t(72)=7.17, 
d=1.68, and Internalizing Problems,  t(72)=13.19,  d=3.08, and lower on EC,  t(72)=-
4.59,  d=-1.07, all  ps < .001. NA correlated negatively  with EC, in both ANX,  r=-.37, 
p=.02 and nANX participants, r=-.43, p=.01, and positively with Internalizing Problems, 
in  both  ANX,  r=.66,  p<.001  and  nANX  participants,  r=.41,  p=.02.  EC  correlated 
negatively  with Internalizing Problems in ANX participants, r=-.37,  p=.02, but  not in 
nANX participants, r=-.15, p=.39.
Attentional Bias: descriptives and effect of group
Table 6.2 presents means and standard deviations of attentional bias scores. Two 
one-sample t-test (test value=0) showed that, in the total sample, there was an initial 
attentional bias towards threat, t(72)=-3.12, p<.01, d=0.36 but there was no strategic 
6The following IAPS-pictures were used: neutral stimuli: 2038, 2102, 2191, 2396, 2579, 2593, 2620, 2870, 2880, 2980, 
5390, 5471, 5500, 5520, 5530, 5533, 5731, 5740, 7010, 7030, 7035, 7036, 7037, 7038, 7039, 7041, 7050, 
7056, 7058, 7100, 7130, 7170, 7217, 7242, 7490, 7546, 7590, 7595, 9210, 9360: valence: M=5.16, SD=0.39; 
arousal: M=3.07, SD=0.46; threat-related stimuli: 1120, 1205, 1525, 1932, 2410, 3210, 3230, 3280, 3550, 5950, 
6250, 6312, 6350, 6370, 8485, 9050, 9592, 9910, 9911, 9921: M=3.10, SD=1.08; arousal: M=6.13, SD=0.73.
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attentional bias,  t(72)=1.33,  p=.19. Initial and strategic attentional bias Scores were 
not correlated, r=-.08, p=.48.
Table 6.1 Means and standard deviations for temperament and anxiety
TOT 
(n=74)
ANX 
(n=39)
nANX 
(n=36)
M (SD) M (SD) M (SD)
Negative Affectivity 2.44 (0.69) 2.86a (0.58) 1.98b (0.46)
Effortful Control 3.44 (0.66) 3.15a (0.62) 3.77b (0.54)
Internalizing Problems 58.18 (14.92) 70.03a (8.42) 45.00b (7.84)
Note. TOT=all participants; ANX=clinically anxious participants, nANX=non-clinical participants; variables in a row not sharing 
a subscript differ between anxious and non-clinical participants at the p<0.001 level.
Table 6.2 Means and standard deviations for attentional bias
TOT 
(n=74)
ANX 
(n=39)
nANX 
(n=35)
M (SD) M (SD) M (SD)
ABS500 -26 (72) -21 (84) -32 (58)
ABS1250    9 (59)    7 (60) 12 (59)
Note. ABS500=initial attentional bias score, ABS1250=strategic attentional bias score, TOT=total sample, ANX=clinically  
anxious participants, nANX=non-clinical participants.
A 2(stimulus  duration)  x  2(group)  ANOVA with  repeated measures  on the  first 
variable revealed a significant main effect of stimulus duration, F(1,72)=9.96, p=.002, 
η2g=.09, but no significant main effect of group,  F(1,72)=0.11,  p=.74. There was no 
significant interaction effect of group by stimulus duration, F(1,72)=0.51, p=.48.
Predicting Anxiety (Internalizing Problems) by Reactive (NA) and Regulative (EC) 
Temperament
In the total sample, NA and EC significantly predicted Internalizing Problems (Table 
6.3). High levels of NA were associated with higher Internalizing Problems, as were low 
levels  of EC (Figure 6.2a).  This pattern of results was also found in the ANX group 
(Figure 6.2b). Internalizing Problems of nANX participants, however, were predicted by 
NA, but not EC. High levels of NA are associated with higher Internalizing Problems, 
regardless of EC (Figure 6.2c). Including the interaction between NA and EC did not 
improve the models (Table 6.3).
Predicting  Threat-related  Attentional  Processes  by  Reactive  (NA)  and 
Regulative (EC) Temperament
Initial Attentional Bias was not predicted by NA, EC or their interaction (Table 6.4). 
Strategic Attentional Bias in the total sample was predicted by EC, but not by NA or 
their interaction (Table 6.5). Higher levels of EC were associated with higher strategic 
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Attentional Bias Scores, regardless of levels of NA. This pattern of prediction was also 
found in the nANX participants (Figure 6.3a-c). In ANX participants, however, strategic 
Attentional Bias was best predicted by the interaction model. For low levels of EC, there 
Table 6.3 Internalizing Problems predicted by Negative Affectivity and Effortful Control 
TOT ANX nANX
step B SE(B) β p B SE(B) β p B SE(B) β p
1 ct 58.14 1.07 .00 69.97 0.91 .00 45.02 1.25 .00
NA 14.10 1.91 .65 .00 7.49 1.71 .52 .00 7.15 3.03 .42 .02
EC -4.91 1.99 -.22 .02 -5.20 1.61 -.38 .00 0.47 2.58 .03 .86
2 ct 57.70 1.27 .00 70.42 0.98 .00 45.17 1.42 .00
NA 13.92 1.94 .61 .00 7.72 1.71 .54 .00 7.05 3.10 .42 .03
EC -5.24 2.06 -.23 .01 -4.00 1.86 -.30 .04 0.92 2.67 .04 .83
NAxEC -1.72 2.60 -.05 .51 3.45 2.74 .16 .22 1.42 6.12 .04 .82
change 
statistics
R2=.36 for step 1, p<.001
ΔR2=.00 for step 2, p=.51
R2=.56 for step 1, p<.001
ΔR2=.02  for  step  2, 
p=.22
R2=.17 for step 1, p=.053
ΔR2=.001 for step 2, p=.82
Note.  TOT=total  sample,  ANX=clinically  anxious  participants,  nANX=non-clinical  participants;  NA=negative 
affectivity; EC=effortful control; ct=constant
Figure 6.2 Regression lines (at step 1) for the prediction of Internalizing Problems by NA and EC
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was no effect of NA. For high levels of EC, however, high levels of NA were associated 
with higher Attentional Bias Scores (Figure 6.3b).
Table 6.4 Initial Attentional Bias Score at 500 ms predicted by NA and EC
TOT ANX nANX
step B SE(B) β p B SE(B) β p B SE(B) β p
1 ct -26.28 8.51 .00 -20.72 3.62 .14 -32.33 10.02 .00
NA 5.90 14.17 .06 .70 -0.09 25.52 .00 .99 -5.11 24.33 -.04 .84
EC 6.74 15.81 .06 .67 20.25 23.99 .15 .40 -7.76 20.71 -.07 .71
2 ct -23.77 10.05 .02 -18.38 14.82 .21 -36.11 11.35 .00
NA 6.92 15.41 .07 .65 0.91 25.99 .01 .97 -2.72 24.73 -.02 .91
EC 8.64 16.39 .08 .60 25.30 28.31 .19 .38 -10.74 21.26 -.10 .62
NAxEC 9.82 20.67 .06 .64 14.47 41.17 .07 .73 -35.58 48.81 -.14 .47
change 
statistics
R2=.00 for step 1, p=.90
ΔR2=.00  for  step  2, 
p=.64
R2=.02 for step 1, p=.66
ΔR2=.00  for  step  2, 
p=.73
R2=.00 for step 1, p=.93
ΔR2=.02 for step 2, p=.47
Note. TOT=total  sample,  ANX=clinically  anxious participants,  nANX=non-clinical  participants;  NA=negative 
affectivity; EC=effortful control
Table  6.5 Strategical  Attentional  Bias  Score  at  1250 ms predicted by  Negative  Affectivity  and  Effortful 
Control
TOT ANX nANX
step B SE(B) β p B SE(B) β p B SE(B) β p
1 ct 8.99 6.73 .19 6.93 9.48 .47 11.45 9.29 .23
NA 15.91 12.00 .17 .19 29.15 17.76 .28 .11 -4.00 22.54 -.03 .86
EC 26.84 12.50 .30 .04 10.05 16.70 .14 .44 43.80 19.19 .41 .03
2 ct 7.04 7.95 .39 14.74 9.69 .14 9.30 10.57 .39
NA 15.12 12.18 .18 .22 33.25 16.99 .32 .06 -2.64 23.03 -.02 .91
EC 25.36 12.96 .28 .05 33.92 18.50 .35 .08 42.10 19.80 .39 .04
NAxEC -7.63 26.35 -.06 .64 59.88 59.88 .39 .04 -20.28 45.46 -.08 .66
change 
statistics
R2=.07 for step 1, p=.10
ΔR2=.00 for step 2, p=.64
R2=.07 for step 1, p=.27
ΔR2=.11  for  step  2, 
p=.04
R2=.18 for step 1, p=.04
ΔR2=.01 for step 2, p=.66
Note. TOT=total  sample,  ANX=clinically  anxious participants,  nANX=non-clinical  participants;  NA=negative 
affectivity; EC=effortful control
Predicting Internalizing Problems by Threat-related Attentional Processes
Correlations between Internalizing Problems and Attentional Bias Scores were not 
significant, so Internalizing Problems were neither predicted by initial Attentional Bias, 
r=-.13, p=.45 in the ANX group and r=.21, p=.19 in the nANX group, nor by strategic 
Attentional Bias, r=-.03, p=.78 in the ANX group and r=-.29, p=.09 in the nANX group.
Summary: Temperament, Attentional Processes and Internalizing Problems in 
clinically anxious and non-clinical participants
Figure 6.4 shows that the links between temperament, attentional processes and 
anxiety severity  diverge in clinically  anxious and non-clinical  youth.  In  the ANX group, 
both reactive and regulative temperament predicted Internalizing Problems, while in the 
nANX group, only reactive temperament did. In the ANX group, the interaction between 
reactive and regulative capacities predicted strategic attentional avoidance, while in the 
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nANX  group,  only  regulative  temperament  did.  Internalizing  Problems  were  not 
predicted by attentional bias.
Figure 6.3 Regression lines (at step 2) for the prediction of strategic attentional bias by NA and EC
Figure  6.4. Links  between  temperament,  attentional  processes  and  internalizing  problems  in  a.  ANX  and  b.  nANX 
participants.
Conclusions and discussion
The present study was designed to test the predictions that follow from the Lonigan 
et  al.  (2004)  model  linking  (an  interaction  between)  reactive  and  regulative 
temperament with anxiety severity through (partial)  mediation by attentional  bias for 
threat. We extended the Lonigan et al. model by investigating a sample of non-clinical 
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adolescents, but also a clinically anxious sample. 
With regard to the association between temperament and anxiety, temperamental 
profiles of clinically anxious and non-clinical adolescents diverged as expected: clinically 
anxious participants had higher NA and lower EC scores compared to their non-clinical 
peers. As thus, these results replicate earlier findings that, relative to youth without 
problems,  adolescents  with  internalizing  problems  are  characterized  by  higher 
reactivity and lower regulative control (e.g., Oldehinkel et al., 2004). In addition to these 
group differences between clinically anxious and non-clinical adolescents, we found that 
reactive  and  regulative  temperamental  factors  predicted  severity  of  Internalizing 
Problems  at  an  individual  level.  High  NA  was  associated  with  higher  Internalizing 
Problems, as was low EC. This pattern of results is consistent with the findings of Muris 
et al. (2004) who also found main effects of reactive and regulative temperament but 
no interactive effects between both on anxiety in non-clinical children. That we nor Muris 
and colleagues found the hypothesized NA x EC interaction may be attributed to lack of 
statistical power. This idea is supported by studies with larger sample sizes, in which 
high EC did protect against the effect of high NA, but on the basis of relatively small 
effects (Muris, 2006: β=-.26, n=173; Muris et al., 2007: β=-.16, n=208; Oldehinkel 
et al., 2007: β=-.04, n=1922). However, with larger statistical power, the present β-
value of  .16 of  the  interaction effect  in the clinically  anxious sample  would indicate 
(along with the main effects) a protective effect of EC against internalizing problems if 
NA is (relatively) low, not if it is high. Note that this is only a seemingly contradicting 
finding since relatively low NA in our anxious group likely corresponds to relatively high 
NA  in  community  samples  such  as  in  the  aforementioned  studies.  Severity  of 
Internalizing Problems in the non-clinical sample, on the other hand, was only predicted 
by  NA,  not  by  EC,  i.e.  high  NA was  associated  with  higher  Internalizing  Problems, 
irrespective of regulative capacities. As thus, the present findings do not unambiguously 
support the idea that high regulative capacities are protective in individuals within the 
higher ranges of NA. Instead, our data refines this idea by showing that EC (being lower 
in  clinical  than  in  previous  community  or  non-clinical  samples)  looses  it  protective 
capacities once a certain level of NA is surpassed, as in clinically anxious adolescents. 
On the other hand, if NA is low enough, as in non-clinical adolescents, there seems to be 
no need for protective EC capacities.
With  regard to attentional  bias,  the  present  study adds to  the  inconsistency  of 
findings on threat-related attentional bias in youth. In the present study attentional bias 
did not differ between the anxious and non-anxious participants. All participants showed 
an initial bias towards threat when stimuli were presented for 500 ms, but this bias 
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disappeared when stimuli were presented for 1250 ms. Although data of the present 
study thus fit the proposition by Lonigan and colleagues (2004) that initial attentional 
bias can be overruled if there is sufficient time, they are at odds with results of recent 
studies using a pictorial dot probe paradigm in which no initial attentional bias or even 
initial avoidance was found (e.g., Legerstee et al., 2009) or in which both anxious and 
non-anxious  participants  showed  a  strategic  attentional  bias  towards  threat  (e.g., 
Waters,  Mogg et  al.,  2008).  With  regard  to  the  link  between  attentional  bias  and 
anxiety, attentional bias scores did not predict severity of internalizing problems in the 
present study. Although some previous studies did find significant correlations between 
attentional bias scores and measures of anxiety (e.g., Watts & Weems, 2006), other 
studies failed to demonstrate such a link (e.g., Van Damme & Crombez, 2009). 
With regard to the proposed link between temperament and attentional bias, we 
failed to find evidence for a relationship between reactive temperament and initial bias. 
Results from previous studies are inconclusive, with reactive temperamental effects on 
initial bias in some studies (Field, 2006), but not in others (Helzer, et al.,  2009).  As 
expected,  there  was  no  effect  of  regulative  temperament  on  initial  bias.  Strategic 
attentional processes, on the other hand, were predicted by EC: high EC was related to 
attentional avoidance. Contrary to the suggestion from Lonigan et al. (2004) that good 
regulative capacities help to overcome biased processing, results of the present study 
suggest that high EC predispose to bias away from threat.
Taken together,  the present  results provide  no support for the mediator model 
proposed by Lonigan et al.  (2004).  Although regulative temperament is found to be 
involved  in  attentional  processes,  reactive  temperament  was  not  as  important  as 
predicted. In addition to that,  attentional  processes were not related to internalizing 
problems.
There are some limitations of this study that should be taken into account. First, 
due  to  a  small  sample  size,  possible  effects  may  have  failed  to  reach  statistical 
significance. Therefore,  the absence of significant effects should be interpreted with 
caution. For example, in  a larger sample, the interactive effect of NA and EC in the 
prediction  of  Internalizing  Problems  might  become  significant  as  was  the  case  in 
Oldehinkel et al. (2007) who studied 1922 adolescents. The small sample size also kept 
us from testing possible moderating effects of gender and age.  Future studies may 
include  larger  sample  sizes  to  replicate  our  findings  and to  test  for  other  effects. 
Second,  although  a stimulus  duration of  500 ms is  assumed  to  reflect  early  initial 
attention  (e.g.,  Bradley,  Mogg,  &  Millar,  2000;  Kallen,  et  al.,  2007),  it  may  be  not 
optimal to study pre-attentional automatic biases (Koster, Verschuere, Crombez, & Van 
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Damme, 2005). Although there are studies using subliminally presented stimuli with 
youth samples to investigate automatic attentional processes (e.g., Helzer et al., 2009; 
Hunt, Keogh, & French, 2006), we did not find evidence for attentional bias with stimuli 
presented for  17 ms in a  previous study (Wolters et al.,  submitted).  Therefore,  we 
choose not to add very briefly  presented stimuli  in the design of the present study. 
Studying pre-attentional  automatic biases and their  relations with temperament and 
psychopathology may still be a valuable focus for future research. A third limitation of 
the study relates to its  correlational  design. Because temperament, attentional  bias 
and anxiety are assessed simultaneously and non-experimentally, no conclusion on the 
causal status of temperament and attentional processes in the development of anxiety 
can be inferred. In order to answer that question, longitudinal effects of temperament 
and experimentally induced attentional bias should be investigated.
The present research adds to the emerging body of studies on the links between 
temperament, attentional bias and anxiety in youth (e.g., Helzer et al., 2009; Lonigan & 
Vasey, 2009). It was the first study to investigate those links in both clinically anxious 
and non-clinical participants. Moreover, it was the most complete study to date with 
regard to testing the Lonigan et al. (2004) model, which is an asset of our study, but 
findings have to be interpreted with some caution and need replication.
Based on our findings we propose that 1) if reactivity (NA) is really low, as in non-
clinical adolescents, there seems to be no need for protective regulative (EC) capacities, 
while  regulative  temperament  loses  it  protective  capacities  against  internalizing 
problems  once  a  certain  level  of  reactivity  is  surpassed,  as  in  clinically  anxious 
adolescents.  This  extends  previous  studies  that  typically  reported  on  children  with 
medium  levels  of  anxiety;  2)  links  between  temperamental  factors  and  attentional 
processes might be different in clinically anxious and non-clinical adolescents: whereas 
strategic  attention in  non-clinical  children seems to be  uniquely  driven by  regulative 
temperament, there is an additional effect of reactive temperament in clinical anxious 
adolescents;  3)  contrary  to  the  suggestion  from  Lonigan  et  al.  (2004)  that  good 
regulative  capacities  help  to  overcome  biased  processing,  high  EC  predispose  to 
attentional bias away from threat, i.e. to attentional avoidance of threat.
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VII Discussion and conclusion
In  the  present  dissertation,  Reinforcement  Sensitivity  Theory  (RST)  provided  a 
framework to study anxiety disorders in children and adolescents. RST developed out of 
the seminal work of Jeffrey Gray (1982).  RST describes how activity  in three brain 
systems (the  BAS,  the  BIS  and the  (F)FFS)  has  immediate  behavioral and  affective 
consequences. Individual differences in the sensitivity and activity of these systems are 
assumed  to  be  related  to  individual  differences  in  temperament  or  personality. 
Overactivity in one of the systems is thought to be central to psychological disorders. As 
such,  one of the main hypotheses that follows out of RST relates clinical  anxiety to 
overactivity  in  the BIS (Gray,  1982; Gray & McNaughton, 2000).  Previous research 
using  self-report  questionnaires  provided  evidence  for  the  relation  between  BIS-
sensitivity and anxiety in adults. In the present thesis, a more diverse methodology was 
used to test whether the hypothesis of an overactive BIS in clinical anxiety applies to 
children and adolescents. A self-report questionnaire was used to measure sensitivity 
to the input of the BIS (i.e. anxiety relevant stimuli), while computer tasks were used to 
measure the output functions of the BIS (i.e. inhibition, evaluation, attention). Computer 
tasks have been used previously to assess reactivity to BIS-input but few studies adopt 
an information processing perspective to investigate BIS-output (for an exception, see 
Field, 2006).
SUMMARY OF THE STUDIES
Evidence for the role of the BIS in childhood and adolescent anxiety
BIS-sensitivity
The child version of the Carver and White (1994) BIS/BAS-scales (Muris et al., 
2005)  was used to assess BIS-sensitivity  in  clinically  anxious and non-anxious youth 
(Chapter 3). Results supported the hypothesis that clinical anxiety is associated with 
overactivity in the BIS (Gray, 1982). BIS-scores were higher in the anxious sample than 
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in the non-anxious sample and higher BIS-levels were related to the presence of more 
symptoms  of  anxiety.  Factor  analysis  revealed  that  the  BIS-scale  consists  of  two 
subscales. Following Heym et al. (2008), these subscales were labelled BIS_Anxiety and 
FFFS_Fear. Results are consistent with the idea formulated by Corr (e.g., 2001) that in 
cases of extreme BIS-sensitivity (i.e. in clinically anxious individuals) the BIS dominates 
the BAS (separable subsystems hypothesis:  anxiety symptoms are only  predicted by 
BIS-scores), while in cases of moderate BIS-sensitivity (i.e. in the general population) BIS 
and BAS have a joint  influence  (joint  subsystems hypothesis:  anxiety  symptoms are 
predicted by both BIS and BAS-scores).
BIS-activity: Inhibition
Two  versions  of  the  Stop  Signal  Reaction  Time  Task  were  used  to  investigate 
inhibition in neutral and threatening situations one with neutral and one with anxiety-
relevant pictorial stop stimuli (Chapter 4). In Study 1, validity of both pictorial versions of 
the Stop Task was established in a community youth sample. General performance and 
inhibition were comparable with results of studies using more traditional Stop Tasks. In 
Study 2, the neutral and anxiety-relevant versions of the task were used to assess the 
inhibition output of the BIS in clinically anxious children and adolescents with at least 
one DSM-IV anxiety disorder. General task performance did not differ between tasks. 
However, the stop signal reaction time (SSRT), measuring the speed of the inhibitory 
response, was shorter in the anxiety-relevant than the neutral task. In addition to that, 
high BIS-sensitivity was associated with increased response inhibition. Because results 
support  the  idea  that  inhibition  is  increased  when  clinically  anxious  children  are 
confronted with threatening situations, they provide preliminary evidence for the role of 
BIS-activity in clinical anxiety. Furthermore, in the clinically anxious sample, reactions to 
BIS-activating stimuli were stronger than reactions to neutral stimuli. As such, results 
are consistent with the separable subsystems hypothesis suggesting that individuals 
with extreme BIS-levels are more sensitive for BIS-activating stimuli than for other types 
of stimuli.
BIS-activity: Evaluation
The Extrinsic Affective Simon Task (EAST) was used to assess the evaluation output 
of  the  BIS  (Chapter  5).  Although  the  EAST  has  been  used  successfully  in  studies 
investigating automatic evaluations in adult fear and anxiety as well as in addiction and 
obesitas  in  youths,  the  paradigm  was  not  previously  used  to  assess  automatic 
evaluations in childhood and adolescent anxiety. In Study 1, the development of a child 
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friendly version of the pictorial EAST is described. Although the task had some minor 
drawbacks (e.g. the automatic evaluation of positive stimuli seems to be neutral in the 
sample included in this study), results indicate that it is suitable to investigate automatic 
evaluations in both children, adolescents and adults. In Study 2, the task was used to 
compare automatic evaluations of positive, neutral, negative and anxiety-relevant stimuli 
between  clinically  anxious  and  non-clinical  youth.  Automatic  evaluations  of  positive, 
neutral and negative stimuli did not differ between anxious participants and matched 
controls.  Anxious participants,  however,  showed a negative threat-related  evaluation 
bias. Compared to controls, anxious youth had stronger negative evaluations of anxiety-
relevant  stimuli  (not  of  other types of  stimuli).  Furthermore,  in  anxious participants 
evaluations  of  anxiety-relevant  stimuli  were  more  negative  than  those  of  negative 
stimuli, whereas this difference was not found in controls. Increased (parent-reported) 
anxiety was associated with a stronger threat-related negative evaluation bias. Because 
results support the idea of a threat-related evaluation bias in clinically anxious youth, 
they  provide  preliminary  evidence  for  increased  BIS-activity  in  anxiety  disorders. 
Furthermore, because in the clinically anxious sample, reactions to threatening stimuli 
were  stronger  than  reactions  to  neutral  or  generally  affective  stimuli,  results  are 
consistent with the separable subsystems hypothesis.
BIS-activity: Attention
The dot probe detection task was used to assess the attentional output of the BIS in 
clinically  anxious and non-anxious adolescents (Chapter  6).  Although there is  strong 
evidence for biased attentional processing in anxious (not in non-anxious) adults, results 
from previous studies with children and adolescents are far less consistent. In the study 
in Chapter 6, both anxious and non-anxious adolescents showed an initial attentional 
bias towards threat. This bias disappeared in both groups when strategic control of 
attentional  allocation was possible.  Although threatening (i.e.  BIS-relevant)  stimuli  did 
initiate BIS-output (initial  attentional  bias) consistent with RST, the study provided no 
evidence for overactivity of the BIS in anxious youth. Furthermore, attentional processes 
were not associated with BIS-sensitivity.
LINKING BIS WITH ANXIETY DISODERS 
Gray proposed the BIS as the underlying factor in a continuum ranging from normal 
behaviour  and  personality  over  subclinical  traits  to  clinical  syndromes  (i.e.  anxiety 
disorders).  Following  such  a  dimensional  approach,  there  is  a  direct  link  between 
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personality  and psychopathology  (spectrum hypothesis).  There are,  however,  several 
other models describing the association between personality and psychopathology. In 
Chapter  6,  we  tested  a  model  proposing  an  indirect  link  between  BIS  and  anxiety 
(Lonigan et al.,  2004). According to the model,  regulative temperament (i.e. effortful 
control)  is  assumed  to  moderate  the  effect  of  temperamental  reactivity  (as  a 
manifestation of BIS) on anxiety. In addition to that, cognitive processes (i.e. attentional 
bias  towards  threat)  are  thought  to  mediate  the  relation  between  reactive 
temperament and anxiety. In our sample, reactive temperament (thus BIS) predicted 
internalizing problems, with no role of effortful control in low-anxious and extremely high 
anxious youth, but a protective role of effortful control in anxious youth in the medium 
range  of  clinical  anxiety.  This  suggests  that  the  moderating  role  of  regulative 
temperament only applies in the medium ranges of temperamental reactivity, but not 
when reactivity is low (as in non-clinically anxious youth) or extremely high (as in clinically 
anxious youth with severe problems). Our results, however, did not provide evidence for 
the  indirect  link  between  temperament  and  anxiety  trough  attentional  processes. 
Although (strategic) attentional processes were related with temperament, we did not 
find a significant correlation between attentional bias and anxiety. 
IMPLICATIONS FOR ASSESSMENT AND TREATMENT 
Implications from the RST-framework
At first look, the dimensional approach of RST in which psychopathology symptoms 
are seen as extreme manifestations of personality traits suggests a rather pessimistic 
prognosis regarding treatment of anxiety disorders. This negative point of view is based 
on the idea that personality traits  tend to remain relatively  stable across time (e.g., 
McCrae & Costa, 1996). However, at closer look, there is room for more optimism. 
Temperamental traits (i.e. the childhood precursors of personality traits) are found to 
be  less  stable  than  adult  personality  traits  (e.g.,  Roberts  &  DelVecchio,  2000). 
Furthermore,  not  all  young adults  who  were temperamentally  vulnerable  as  a child 
develop  internalizing  problems  (e.g.,  Asendorpf,  Denissen,  &  van  Aken,  2008). 
Temperamental factors and personality traits seem to be mutable, for example due to 
intelligence,  social  competence,  personal  success  and  satisfaction  (e.g.,  Asendorpf, 
1994; Roberts,  Caspi,  & Moffit,  2003).  That temperament or personality traits can 
change implies that they can be changed, which opens up the possibility that they can 
be  changed  by  psychotherapy.  As  such,  a  dimensional  view  on  the  link  between 
personality and psychopathology, does not necessarily imply a pessimistic prognosis on 
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the possibility of symptom change through psychotherapy.
However,  a  patient's  personality  might  limit  the  range  of  his  or  her  potential 
therapeutic improvement. If the aim of therapeutic intervention is to lower one's clinical 
symptom scores (preferably back into the normal, non-clinical distribution) then one's 
position on a personality dimension might constrain the range in which this reduction 
can occur (i.e. the therapeutic range hypothesis; Zinbarg, Uliaszek, & Adler, 2008). As 
such, there might be a threshold value for BIS above which it becomes more difficult to 
obtain  clinically  significant  decreases  in  posttreatment  symptom  scores.  This  idea 
relates to the finding in Chapter 6, that an increase in regulative temperamental (EC) 
looses its protective value when reactive temperament is too high. This suggests, that 
therapeutic techniques aimed at boosting effortful control might not be that beneficial 
with extremely anxious  (i.e. highly reactive) children or adolescents. However, when a 
reduction in temperamental reactivity has reached (for example after CBT or exposure), 
training of regulative strategies might have additional therapeutic value.  Furthermore, 
several  aspects  or  correlates  of  the  child's  personality  might  have  an  impact  on 
treatment progress and treatment outcome. For example, children with high BIS-levels 
might try to avoid failure and therefore they might be less inclined to fulfil  exposure 
exercises. At the same time, they might want to avoid critique and punishment for this 
non-compliance. The FFFS-FFFS conflict that thus arises might increase anxiety with a 
detrimental effect on the therapeutic process. As thus, personality seems to limit the 
amount of therapeutic effect that can be expected when treating anxiety disorders. 
However,  because  BIS  is  involved  in  all  emotional  problems  (both  anxiety  and 
depression),  treating  the  primary  diagnosis  might  lead  to  the  reduction  of  other 
emotional problems. As such, the dimensional perspective of RST with the hierarchical 
model  of emotional disorders implies an optimistic view on the range of therapeutic 
benefits.
 
Implications from the information processing framework
The information processing framework and the performance-based measures that 
are  developed  herein  have  several  clinical  implications  for  the  assessment  and 
treatment of anxiety.
Concerning the assessment of anxiety, it is frequently advocated that the indirect, 
implicit  performance-based  measures  have  ‘incremental  validity'  over  more  direct 
measures as questionnaires and interviews.  This claim does not  mean that implicit 
measures reveal some sort of ‘true cognition or attitude' underlying behaviour. Rather, 
implicit  measures  are  complementary  ways  to  obtain  information  that  can  not  be 
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revealed using techniques that call  for introspection. Implicit instruments are indeed 
the  appropriate  way  to  assess  automatic,  sometimes  unconscious,  threat-related 
processes (De Houwer, 2006).
A  large  amount  of  studies  using  performance-based  measures  to  investigate 
automatic  processes  related  to  psychopathology  optimistically  suggest  that  in  the 
future,  those measures might  become useful  as  a diagnostic  tool.  At  the  moment, 
however, we are far from reaching this goal. One important factor that stands in the 
way  is  the  use  of  several  different  versions  of  the  instruments.  Instead  of  using 
standardized instruments, most researchers develop tailor-made versions with minor 
or major adaptations to the original task to study their specific research questions. 
Additionally, there exist no implicit instruments with norm scores, so cut-off-scores for 
clinical functioning cannot be determined. Related to this, at the moment, there are no 
data on the ability of implicit instruments to correctly identify the majority of individuals 
suffering from anxiety disorders (sensitivity) or correctly exclude most people without 
pathological problems (specificity). In the present dissertation (Chapter 5, Study 2), it 
was found that not all children with anxiety disorders show a threat-related evaluation 
bias (sensitivity),  and not all  children showing a threat-related evaluation bias suffer 
from pathological anxiety problems (specificity). Furthermore, although we were able to 
find  group  differences  in  automatic  evaluations,  it  is  difficult  to  establish  strong 
associations between individual differences in automatic evaluations and self-reported 
anxiety (sensitivity).  Additionally,  the predictive validity  of automatic biases for anxiety 
severity is unsatisfactory to approve of the use of implicit  instruments as diagnostic 
tools. Moreover, poor psychometric qualities of the present implicit instruments such 
as  low  internal  reliability  and  low  test-retest  reliability  also  impede  their  use  as 
diagnostic tools. Still another hindrance for the diagnostic use of implicit instruments 
relates to their lack of discriminant validity.  At the moment, there are no automatic 
processes known to be specifically related to only one disorder. For example, attentional 
bias  (at  least  in  adults)  has  been  found  in  both  anxiety  and  depression.  As  such, 
instruments  assessing  automatic  processes  are  not  valid  for  the  discrimination 
between  disorders.  Taken together,  at  the  present  moment,  the  conclusion  is  that 
more  research  has  to  be  done  aimed at  improving  the  diagnostic  utility  of  implicit 
instruments.
This  prudent  statement  on  the  clinical  utility  of  performance-based  implicit 
measures  does  not  imply,  however,  that  performance-based  instruments  and  the 
information-processing  perspective  lack  practical  utility.  On  the  contrary,  the 
information-processing  perspective  on  anxiety  clearly  points  to  possible  targets  for 
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intervention.  Cognitive  behavioral  therapy  (CBT)  techniques  are  aimed  at  changing 
maladaptive cognitions, both strategic and automatic. Changing biases in early stages 
of information processing (as the biased RST-outputs in the encoding stage) might be a 
highly powerful approach,  since they determine how further processing will  occur. A 
complicating factor in such approach, however, is that the processes involved in early 
stages of information processing are mostly automatic, and therefore relatively difficult 
targets. There is, however, some  support for the idea that automatic processes can be 
altered through therapy.  Although a one-session exposure in vivo treatment  (1x150 
minutes)  failed  to  change  threat-related  automatic  evaluations (Huijding  & de Jong, 
2009),  a  more  extensive  exposure  treatment  (3x90 minutes)  did  result  in  altered 
threat-related automatic processes (Teachman & Woody, 2003). Evidence that CBT 
indirectly results in actual change of automatic processes is confined to studies with 
adults (e.g., Gamer, Schmukle, Luka-Krausgrill,  & Egloff,  2008; Teachman, Marker, & 
Smith-Janik, 2008).  At the University of Amsterdam and the University of Groningen, in 
a  collaboration  with  the  Bascule,  Amsterdam  and  Accare,  Groningen,  there  is  an 
ongoing research project on CBT for childhood and adolescent anxiety disorders. One of 
the  aims  of  the  project  involves  indirectly  changing  automatic  processes (attention, 
automatic evaluations) with the Coping Cat protocol (Kendall, 1990). To change anxiety-
related  automatic  and  strategic  processes  in  a  more  direct  way,  cognitive  bias 
modification (CBM) trainings have been developed (e.g., Koster, Fox, & MacLeod, 2009). 
Outcomes  of  attentional  retraining  and  interpretation  modification  programs  are 
promising  and suggest  that  CBM has  clinical  potential  in  the  treatment  of  anxiety 
disorders  in  adults  (Amir,  Beard,  Burns,  &  Bomyea,  2009;  Beard  &  Amir,  2008). 
Interpretation  training  was  also  found  to  successfully  alter  children's  conscious 
interpretations of ambiguous scenarios (Muris, Huijding, Mayer, & Hameetman, 2008; 
Muris, Huijding, Mayer, Remmerswaal, & Vreden, 2009) and to reduce children's social 
anxiety symptoms (Vassilopoulos, Banerjee, & Prantzalou, 2009). These studies provide 
preliminary evidence that therapeutic strategies aimed at reducing cognitive biases in 
various stages of the information processing sequence and at  various points of the 
automatic-strategic  continuum  might  have  beneficial  effects  on  anxiety  symptoms. 
However, no studies have so far shown that these positive outcomes of CBM programs 
are  actually  mediated  by  the  modification  of  automatic  processes,  which  is  an 
important remaining question that needs to be addressed.
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SUGGESTIONS FOR FUTURE RESEARCH 
RST-research
In  this  dissertation,  I  aimed  to  provide  answers  for  research  questions  that 
developed out  of an RST-account  on childhood and adolescent anxiety.  However,  as 
ever, interesting and inspiring questions remained unanswered. Therefore, I will point to 
some unresolved issues and make suggestions for future RST-research.
Most RST-research to date was based on the original theory, and only few studies 
adopted the new perspective developed in the revised RST. This seems mainly due to 
the  fact  that  most  RST-instruments  have  been  developed  out  of  the  original  RST-
account. New tailor-made instruments should be developed to test the predictions of 
the revised theory.
Although I tried to incorporate themes from the revised RST into my studies (e.g. 
the attention for the joint vs. separable subsystems hypothesis), the research questions 
were mainly based on the original theory. For example, the new conceptualisation of the 
BIS in terms of conflict is largely ignored in the present dissertation. Although Gray and 
Newman (2000) defined ‘conflict' in terms of the simultaneous activation of BAS and 
FFFS, other RST-researchers (e.g., Corr, 2008) suggested that conflict could arise from 
two competing BAS activations (e.g. having to choose between going to a party of a 
class mate or going to the movies with a friend) or from an avoidance-avoidance conflict 
(e.g.  wanting to stay in bed to avoid the monsters under the bed or wanting to go 
downstairs  to  mum  and  dad  but  then  having  to  cross  the  dark  stairway).  Future 
research should  aim at  identifying conditions  in  which BIS-activation conflict  occurs. 
Once there is more clarity on this issue, it might be worthwhile to investigate whether 
different types of conflict (i.e. BAS-FFFS, BAS-BAS, FFFS-FFFS) are related to different 
types of anxiety disorders. For example FFFS-FFFS conflicts might be more related to 
panic  disorder  and  specific  phobias,  while  BAS-BAS  conflicts  might  be  underlying 
generalized anxiety disorder.
Furthermore, even when I focused on the differences between the original and the 
revised theory and tried to distinguish between BIS_Anxiety and FFFS_Fear in Chapter 
3, the FFFS-concept remained somewhat cloudy. Although factor analysis revealed two 
factors that were interpreted earlier as BIS_Anxiety and FFFS_Fear, this interpretation 
can be called into question. Consistent with the hierarchical model,  FFFS_Fear items 
were related to social phobia, specific phobia and panic disorder, yet they were also 
related to generalized anxiety disorder (GAD) and depression. Thus, the two factors 
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found in the factor analysis  might not differentiate very well  between BIS and FFFS, 
Indeed, the content of alleged FFFS-factor is a mixture of BIS and FFFS items, referring 
to potential  threat (BIS) and fear (FFFS). Thus, interpretation of the second factor in 
terms of FFFS seems unjustifiably  given the item content and the associations with 
GAD.  Future  questionnaire  research  should  therefore  be  aimed  at  developing 
theoretically sound FFFS_Fear items, and more generally, to instruments that measure 
constructs that pertain to revised RST.
An important feature of the present dissertation is that it  looks at RST from an 
information processing perspective. As such, the cognitive aspects of the BIS received 
the attention they deserve. However, research suggests that anxiety is related not only 
to  the  processes  discussed in  the  present  dissertation,  but  also  to other  cognitive 
distortions, as biased strategic interpretations and memory biases. Future research 
should  investigate  how  those  biases  are  related  to  RST-concepts.  As  such,  the 
information-processing  model  of  RST  can  be  expanded  to  include  later  stages  of 
information processing.
One of the most attractive features of RST is that it is a neuropsychological theory. I 
focused on the psychological components of the theory. Future research might benefit 
from incorporating both  the psychological  and biological  components,  and study for 
example the associations between psychological (e.g., evaluation bias) and neurological 
or psychophysiological (e.g., cortisol secretion) manifestations of the BIS.
In my dissertation, I made an attempt to elucidate the link between personality and 
psychopathology.  The  model  tested  in  Chapter  6  assumed  that  attentional  bias 
mediates the association between reactivity and anxiety, while allowing for moderation 
by  regulative  control.  Future  research  should  test  other  potential  cognitive  (e.g. 
evaluation  bias)  or  non-cognitive  (e.g.  parenting-style,  peer  relations)  mediators  and 
moderators (e.g. cultural and ethnic factors). Future research should also study other 
personality-psychopathology  models.  Although  there  is  evidence  for  the  idea  that 
psychopathological  symptoms  can  be seen  as  extreme poles  of  normal  personality 
traits,  it might be that certain moderating factors (e.g. regulative capacities) have a 
different influence on the personality-psychopathology link at different points of the trait 
dimension. As was suggested by our data, it might be that above some threshold value 
of  a  personality  trait,  some  moderating  factors  loose  their  protective  capacities, 
whereas below some threshold value there is no need for protective moderation. As 
such,  future  research  should  consider  the  possibility  of  diverging  links  between 
personality and psychopathology in subclinical versus clinical populations.
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Research on automatic processes in anxiety
With its information processing perspective, my dissertation fits into the recently 
developed  but  rapidly  growing  research  field  studying  automatic  processes  in 
psychopathology. In the past decade, evidence has shown that disorders are related not 
only  with  distortions  in  conscious,  strategic  cognitions,  but  also  with  dysfunctional 
automatic processes (e.g., Huijding, 2006; Muris & Field, 2008). However, it remains a 
question whether such automatic biases are merely a cognitive by-product of anxiety or 
whether they are a causal factor in the etiology of psychopathology. Including indirect 
instruments to assess automatic processes in longitudinal prospective studies might 
provide preliminary information on the predictive validity  of automatic biases for the 
onset of anxiety problems. However, in order to draw causal conclusion, experimental 
manipulation of automatic processes are necessary. In adult anxiety research, it has 
been  shown  that  the  modification  of  attentional  bias  results  in  symptom  relief 
suggesting that  automatic biases in attention are indeed causally  involved in anxiety 
(Amir  et  al.,  2009;  Schmidt,  Richey,  Bruckner,  &  Timpano,  2009).  In  studies  with 
children, it seems more difficult to establish this causal link. Some studies succeed in 
experimentally changing automatic cognitions but this change was unrelated to anxiety 
(e.g., Askew & Field, 2007; Lawson, Banerjee, & Field, 2007). Therefore, the causal role 
of  automatic  processes  in  childhood  and  adolescent  anxiety  (and  other  disorders) 
remains an important issue for future research. 
Several  paradigms  have  been  developed  to  assess  automatic  processes.  For 
example, different attentional tasks are used each tapping into different aspects of the 
attentional  process  (Yiend,  2010).  An  individual's  ability  to  suppress  irrelevant 
distractor  information  is,  for  example,  studied  in  filtering  tasks  (e.g.,  the  emotional 
Stroop task), while the ability to detect relevant information is studied with visual search 
tasks (e.g.,  the face-in-the-crowed paradigm).  Cueing tasks (e.g.,  the dot probe task) 
investigate how well participants can detect a target when their attention was drawn to 
a particular location (traditionally a threatening vs. neutral stimulus). A large body of 
studies using those paradigms have greatly  enhanced the knowledge on attentional 
processes in childhood and adolescent anxiety (Puliafico & Kendall, 2006). However, up 
until now, less is known on what happens when anxious children and adolescents have 
to allocate their attentional resources to meet multiple demands. The ability to flexibly 
allocate processing resources to meet multiple demands is adaptive and important in 
everyday life because ‘getting stuck' in, for instance, something threatening, means that 
ongoing  behaviour  is  interrupted  as  other  pieces  of  the  environment  cannot  be 
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processed.  For  example,  the  attentional  blink  paradigm  investigates  how  well 
participants  can  fulfil  two  demands  (i.e.  reacting  to  two  sequential  targets).  When 
attending to one target takes too long, the processing of the second target is hindered, 
meaning that the second demand is often not fulfilled.  As such, the attentional blink 
paradigm can provide an ecologically valid index of attentional processing in daily life. 
Future research might endeavour studying this multiple task aspect of anxiety-related 
attention in children and adolescents.
Although  psychopathology  researchers  enthusiastically  adopted  the  information 
processing paradigm to study relevant automatic processes, it has since become clear 
that we must remain critical  with respect to the instruments we use. For  example, 
whereas the EAST is frequently used to assess automatic evaluations, it is clear that 
EAST-effects can be interpreted in multiple ways.  For  example,  EAST-responses only 
partly depend on the automatic activation of the stimulus valence, but also on more 
strategic  response  options  (Stahl  &  Degner,  2007).  Indirect  instruments  used  as 
assessment  tools  for  automatic  processes  often  suffer  from  poor  psychometric 
characteristics. For instance, measurement error in indirect instruments is often high, 
resulting,  among  other  things,  in  a  weak  correspondence  to  direct,  self-report 
instruments  and  in  low  internal  reliability  (Hofmann  et  al.,  2005).  Furthermore, 
information  on  test-retest  reliability  of  indirect  instruments  is  often  lacking,  as  are 
normative data. These measurement issues point to the importance of future research 
into  the  development  and  optimization  of  reliable  and  valid  instruments  for  the 
assessment of automatic processes.
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THE BEHAVIORAL INHIBITION SYSTEM AND ANXIETY 
Gray's Reinforcement Sensitivity Theory (RST) is often used as a framework for the 
study on psychological  problems and disorders.  The theory  describes how behavior 
follows from activity in 3 neuropsychological systems, the Behavioral Inhibition System 
(BIS),  the  Behavioral  Activation  System (BAS),  and  the  Freeze/Flight/Fight  System 
(FFFS). The three systems are activated by different types of stimuli. The BAS reacts to 
appetitive stimuli, BIS and BAS to aversive stimuli. BIS-activation requires an additional 
presence  of  conflict,  due  to  the  concurrent  and  equal  activation  of  two  or  more 
systems. Activity in the three systems gives rise to different short-time behaviors and 
feelings.  BAS-activation  leads  to  positive  feelings  and approach  behavior,  while  BIS-
activation leads to feelings  of  anxiety  and avoidance  behavior.  BIS-activity  has three 
functional  outcomes,  responsible for  the inhibition  of  ongoing behavior,  the negative 
evaluation of and selective attention to anxiety-relevant stimuli. Individual differences in 
the  reactivity  of  those  systems  are  related  to  individual  differences  in  personality. 
Individuals with high BAS-levels have an impulsive personality, whereas individuals with 
high BIS-levels have an anxious personality. People with certain personality traits have 
an increased vulnerability for psychological problems, and overreactivity or overactivity 
in  one  of  the  systems  is  assumed  to  be  causally  involved  in  psychopathology.  For 
instance, BIS-overactivity is expected to be associated with anxiety disorders. Following 
Gray's theory, it can be predicted that individuals with anxiety disorders have a higher 
BIS-sensitivity (their  BIS reacts faster and stronger to anxiety-relevant stimuli)  and a 
stronger  BIS-activity  (their  threat-related  inhibition  is  stronger,  their  evaluations  of 
anxiety-relevant  stimuli  more  negative  and their  attention more focused on anxiety-
relevant stimuli).
In the present dissertation, the proposed link between overactivity in the BIS and 
childhood  and  adolescent  anxiety  disorders  is  studied  by  using  a  self-report 
questionnaire (Chapter 3) and three computer tasks (Chapters 4-6). The questionnaire 
assesses the sensitivity for BIS-activating stimuli whereas the computer tasks provide 
information  on  how  individuals  react  to  information  from  the  environment  by 
investigating the 3 functional BIS-outputs (inhibition, evaluation, attention). The studies in 
the  present  dissertation  provide  evidence  for  the  link  between  BIS-overactivity  and 
childhood and adolescent anxiety disorders. Self-reported BIS-sensitivity (Chapter 3) and 
parent-reported temperamental reactivity (as a proxy of BIS-sensitivity, Chapter 6) are 
higher  in  youths  with  clinical  anxiety  than  in  youths  without  anxiety  problems. 
Furthermore,  high  BIS-sensitivity  and  temperamental  reactivity  are  associated  with 
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more severe anxiety problems. Moreover, BIS-activity and BIS-output are related with 
anxiety.  Youths  with  anxiety  disorders  inhibit  their  ongoing  behavior  faster  in 
threatening situations compared to in neutral situations (Chapter 4). Anxiety-disordered 
youths have more negative evaluations of anxiety-relevant stimuli than youths without 
anxiety  problems.  In  addition  to  this  group  difference,  the  evaluations  by  clinically 
anxious  youths  of  anxiety-relevant  stimuli  are  more  negative  than  those  of  mere 
negative  stimuli,  a  difference  that  is  not  found  in  non-anxious  youths  (Chapter  5). 
Anxiety-relevant  stimuli  induce  an  attentional  bias,  in  both  anxious  and  non-anxious 
adolescents (Chapter 6). However, provided there is enough time and they have enough 
regulative  capacities,  attention  can  be  removed  from  anxiety-relevant  stimuli.  This 
finding suggests that factors other than attention (e.g., regulative capacities) influence 
the link between BIS and anxiety.
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HET BEHAVIORAL INHIBITION SYSTEM EN ANGST
Gray's Reinforcement Sensitivity Theory (RST) wordt vaak gebruikt als kader voor 
het  bestuderen  van  psychologische  problemen en  stoornissen.  In  de  theorie  wordt 
beschreven hoe gedrag volgt uit de activering van 3 neuropsychologische systemen, het 
Behavioral  Inhibition  System  (BIS),  het  Behavioral  Activation  System  (BAS)  en  het 
Freeze/Flight/Fight  System  (FFFS).  De  drie  systemen  worden  geactiveerd  door 
verschillende soorten  stimuli.  Het  BAS reageert  op appetitieve  stimuli,  BIS  en  FFFS 
reageren op aversieve stimuli. Bijkomende voorwaarde voor activatie van het BIS is dat 
er sprake moet zijn van een conflict, veroorzaakt door de gelijkwaardige activatie van 
twee of meer systemen.  Activiteiten in een elk van de systemen heeft  verschillende 
korte-termijn  gevolgen  (gevoelens  en  gedrag).  Zo  leidt  BAS-activiteit  tot  positieve 
gevoelens  en  toenaderingsgedrag,  terwijl  BIS-activiteit  leidt  tot  angstgevoelens  en 
vermijdingsgedrag. BIS-activiteit heeft ook 3 functionele gevolgen, en zorgt ervoor dat 
iemand  zijn  of  haar  aan  de  gang  zijnd  gedrag  onderbreekt  wanneer  hij  of  zij 
geconfronteerd  wordt  met  angstrelevante  stimuli  (inhibitie),  dat  zulke  stimuli  een 
negatieve lading krijgen (evaluatie) en dat iemand zijn of haar aandacht selectief op die 
stimuli richt (aandacht). Individuele verschillen in de gevoeligheid van de drie systemen 
hangen  ook samen met  individuele  verschillen  in  persoonlijkheid.  Mensen  met  hoge 
BAS-gevoeligheid hebben een impulsieve persoonlijkheid, terwijl mensen met hoge BIS-
gevoeligheid  een  angstige  persoonlijkheid  hebben.  Mensen  met  een  bepaalde 
persoonlijkheid  zijn  extra  kwetsbaar  voor  bepaalde  psychologische  stoornissen,  en 
overgevoeligheid of overactiviteit in een bepaald systeem wordt verondersteld aan de 
basis te liggen van psychopathologie. Zo wordt voorspeld dat overactiviteit in het BIS 
samenhangt met angststoornissen. Mensen met een angststoornis hebben volgens de 
theorie van Gray dan ook een hogere BIS-gevoeligheid (hun BIS-systeem wordt sneller 
er sterker geactiveerd door angstrelevante stimuli) en een sterkere BIS-activiteit (hun 
inhibitie  is  sterker,  hun  evaluatie  negatiever  en  hun  aandacht  meer  gericht  op 
angstrelevante stimuli).
In dit proefschrift wordt die veronderstelde link tussen overactiviteit in het BIS en 
angststoornissen  bij  kinderen  en  adolescenten  onderzocht  aan  de  hand  van  een 
zelfrapportage vragenlijst (Hoofdstuk 3) en drie computertaken (Hoofdstukken 4 tot en 
met  6).  De vragenlijst  peilt  naar de  gevoeligheid  voor  de  input  die  het BIS-systeem 
activeert,  terwijl  de computertaken inzicht verschaffen in de manier waarop mensen 
informatie uit hun omgeving verwerken door te kijken naar de 3 functionele BIS-outputs 
(inhibitie,  evaluatie,  aandacht).  Hoewel  er  heel  wat  studies  zijn  die  computertaken 
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gebruiken om onderzoek te doen naar angstgerelateerde cognities en processen, is het 
nieuw om het BIS te bestuderen vanuit een informatieverwerkingsperspectief. Binnen 
dit  kader  wordt  veel  belang  gehecht  aan  het  onderscheid  tussen  automatische  en 
strategische processen. Automatische processen zijn snel, niet intentioneel, moeilijk te 
controleren  of  te  reguleren  en  ze  verlopen  grotendeels  buiten  het  bewustzijn. 
Strategische processen zijn eerder traag, makkelijker te controleren of te reguleren en 
meestal  zijn  mensen er  zich bewust van.  De meeste cognitieve processen bevatten 
zowel  automatische als  strategische componenten.  Zo kan een bepaald proces (bv. 
evaluatie) ontstaan zonder dat iemand het oproept, maar dat impliceert niet dat die 
persoon zich niet bewust kan worden van zijn of haar evaluatie. Doordat automatische 
processen veelal onbewust en intentioneel zijn, kunnen ze niet gemeten worden door er 
gewoon  naar  te  vragen,  zoals  wel  gebeurt  bij  directe,  expliciete  zelfrapportage 
vragenlijsten. In plaats daarvan, worden indirecte, impliciete taken gebruikt die meestal 
worden  afgenomen  via  de  computer.  Het  gebruik  van  zowel  directe,  expliciete 
zelfrapportage vragenlijsten als indirecte, impliciete instrumenten geeft dus een breder 
en completer beeld van wat we willen meten dan het gebruik van slechts één van beide 
types meetinstrumenten.
BIS-gevoeligheid
In Hoofdstuk 2 geef ik een overzicht van zelf- en ouderrapportage lijsten die gebruikt 
kunnen  worden  om  BIS-gevoeligheid  en  BIS-activiteit  te  meten  bij  kinderen  en 
adolescenten. Alle BIS-vragenlijsten voor jongeren werden afgeleid van BIS-vragenlijsten 
voor  volwassenen.  Op dit  moment zijn  er  voor  volwassenen een zestal  vragenlijsten 
speciaal ontwikkeld om het BIS-niveau te meten. Drie van deze lijsten werden aangepast 
voor  jongeren,  door  bv.  vragen  die  verwijzen  naar  volwassen  activiteiten,  zoals 
autorijden en een baan hebben, te verwijderen en door de formulering van de vragen te 
vereenvoudigen. Wat in Hoofdstuk 2 opvalt, is dat deze BIS-vragenlijsten voor jongeren, 
enkel  gebruikt  werden  in  zogenaamde  ‘community  samples'  van  jongeren  zonder 
angstproblemen,  maar  nooit  werden  afgenomen  bij  klinisch  angstige  kinderen.  In 
Hoofdstuk 2 beschrijf ik een studie waar dat wel gebeurt, en waarbij we het BIS-niveau 
van jongeren met een angststoornis vergeleken hebben met dat van jongeren zonder 
angststoornis.  Het  BIS-niveau  blijkt  te  bestaan  uit  een  vreescomponent  (gericht  op 
schrik voor onmiddellijk aanwezige bedreigingen) en een angstcomponent (gericht op 
een meer algemene angst voor mogelijke maar nog niet aanwezige bedreigingen). Zoals 
verwacht is het BIS-niveau van de jongeren met angststoornissen groter dan dit van de 
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jongeren zonder problemen. Bovendien hangt het BIS-niveau ook samen met de score 
op  een  vragenlijst  die  peilt  naar  het  voorkomen  van  angstsymptomen:  hoe  hoger 
iemands BIS-niveau, hoe meer angstsymptomen hij of zij rapporteert. Deze studie toont 
aan dat er inderdaad, ook bij kinderen en jongeren, een link is tussen BIS en angst. 
BIS-activiteit
Inhibitie
In  Hoofdstuk  4  wordt  beschreven  hoe  kinderen  met  een  angststoornis  sneller 
stoppen (inhibitie) met wat ze aan het doen zijn wanneer ze geconfronteerd worden met 
een angstgerelateerde stimulus dan met een neutrale stimulus. In deze studie hebben 
we BIS-gevoeligheid gemeten met dezelfde vragenlijst als in hoofdstuk 2 en BIS-activiteit 
met een computertaak. Het BIS-niveau gemeten met de vragenlijst hangt samen met 
het BIS-niveau gemeten met de taak: hoe hoger iemand scoort op de vragenlijst, hoe 
sneller hij of zij stopt. Ook uit deze studie blijkt dat er een link is tussen BIS en angst bij 
kinderen en jongeren:  vergeleken met wat er gebeurt in een neutrale situatie,  is bij 
kinderen  met  een  angststoornis  de  inhibitie-functie  van  het  BIS  in  angstrelevante 
situaties sterker.
Evaluatie
In Hoofdstuk 5 wordt een computertaak gebruikt om te bestuderen hoe mensen 
bepaalde  stimuli  evalueren.  Er  bestond  nog  geen  taak  die  geschikt  was  om 
automatische evaluaties te meten bij kinderen. Daarom hebben we een taak die eerder 
werd gebruikt bij volwassen aangepast voor jongere deelnemers. Die aanpassingen zijn 
bijvoorbeeld  dat  de  taak gepresenteerd  wordt  als  een spel  en  dat  de  te evalueren 
stimuli geen woorden, maar foto's zijn, die allemaal te maken hebben met de leefwereld 
van  kinderen.  In  een  eerste  studie  wordt  uitgezocht  of  met  die  aangepaste  taak 
gemeten kan worden hoe kinderen, adolescenten en volwassenen op een onbewuste, 
automatische  manier  positieve,  negatieve,  neutrale  en  angstgerelateerde  foto's 
evalueren. In een tweede studie wordt de taak gebruikt om de automatische evaluaties 
van verschillende soorten foto's  door jongeren met en zonder angstproblemen met 
elkaar  te  vergelijken.  Jongeren  met  en  zonder  angstproblemen verschillen  niet  van 
elkaar wat betreft de evaluatie van positieve, neutrale of negatieve foto's, maar wel wat 
betreft de evaluatie van angstrelevante foto's. Jongeren met angstproblemen hebben 
negatievere  automatische  evaluaties  bij  angstrelevante  foto's  dan  jongeren  zonder 
problemen.  Jongeren  met  angststoornissen  hebben  ook  negatievere  evaluaties  bij 
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angstrelevante dan bij negatieve foto's, terwijl er geen verschillen zijn in de evaluaties 
van die twee soorten stimuli bij jongeren zonder angststoornissen. Bovendien hangen 
de automatische evaluaties samen met  de  score  op een vragenlijst  waarbij  ouders 
moeten aangeven hoe angstig hun zoon of dochter is: hoe angstiger iemand volgens zijn 
of haar ouders is, hoe negatiever de automatische evaluaties zijn die hij of zij heeft bij 
angstrelevante  foto's.  Ook  in  deze  studie  wordt  de  link  tussen  BIS  en  angst  dus 
bevestigd: de evaluatie-functie van het BIS is, bij  angstrelevante stimuli, negatiever bij 
kinderen met een angststoornis dan bij kinderen zonder angstproblemen.
Aandacht
In Hoofdstuk 6 wordt onderzocht of de link tussen BIS en angst beïnvloed wordt 
door ‘effortful control', een temperamentskenmerk dat instaat voor het reguleren van 
een  reactief  temperament.  Reactieve  temperamentskenmerken,  zoals  negatieve 
affectiviteit, hebben te maken met hoe gevoelig je bent voor negatieve gebeurtenissen, 
en  tonen  veel  overeenkomsten  met  BIS-gevoeligheid.  Een  hoge  score  op  een 
reactiviteitsvragenlijst wordt in dit hoofdstuk dan ook gezien als een indicatie voor een 
hoge BIS-gevoeligheid. Wanneer er sprake is van een laag reactief temperament, zoals 
bij  niet-angstige  jongeren,  is  de  link  tussen  reactiviteit/BIS-gevoeligheid  en  angst 
onafhankelijk van regulatieve capaciteiten, en wordt de mate van angst enkel bepaald 
door de mate van reactiviteit. Bij een hoog reactief temperament, zoals bij jongeren met 
een angststoornis, wordt angst beïnvloed door beide temperamentskenmerken. Zowel 
een teveel aan reactiviteit als een tekort aan regulatieve capaciteiten zorgen voor meer 
angstproblemen.  In  dit  hoofdstuk  wordt  ook  gekeken  of  de  link  tussen  BIS/hoge 
reactiviteit  en  angst  (voor  een  deel)  verklaard  kan  worden  aan  de  hand  van  de 
aandacht-output van het BIS. In onderzoek naar angst bij volwassenen, is er veel steun 
gevonden  voor  de  idee  dat  mensen  met  angststoornissen  hun  aandacht  selectief 
richten  op  angstrelevante  informatie  in  de  omgeving,  en  dat  mensen  zonder 
angststoornissen  dat  niet  doen.  Bij  kinderen  en  jongeren  zijn  de  resultaten  van 
aandachtsstudies  veel  minder  duidelijk.  Sommige  studies  beschrijven  ongeveer 
hetzelfde  patroon  als  bij  volwassenen:  jongeren  met  angstproblemen  hebben  een 
selectieve  aandachtsvoorkeur  voor  angstrelevante  stimuli  die  er  niet  is  bij  jongeren 
zonder angstproblemen.  Er  zijn  ook studies waar ook bij  niet-angstige  jongeren een 
angstgerelateerde  aandachtsvoorkeur  werd  gevonden.  De  link  tussen  angst  en 
aandacht wordt echter ook in heel  wat studies niet gevonden.  Alle jongeren in onze 
studie, zowel die met als zonder angststoornis, hebben een initiële aandachtsvoorkeur 
voor  angstrelevante  stimuli,  die  echter  verdwijnt  wanneer  de  stimuli  langer  worden 
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aangeboden en de jongeren dus tijd krijgen om hun aandacht strategisch te sturen. 
Enkel  de  strategische  aandachtsprocessen,  niet  de  initiële  aandacht,  blijken  af  te 
hangen  van  regulatieve  temperamentskenmerken.  Goede  regulatieve  capaciteiten 
zorgen ervoor dat de initiële aandachtsbias voor angstrelevante stimuli overwonnen kan 
worden.  Bij  klinisch angstige  kinderen met extreme reactiviteit  is  het  echter  zo  dat 
sterke  regulatieve  capaciteiten  leiden  tot  een  strategische  vermijding  van  de 
angstrelevante stimuli. Uit deze studie blijkt dat er bij de aandacht-output van het BIS 
meer speelt dan alleen BIS-gevoeligheid en BIS-activiteit,  ook regulatieve capaciteiten 
hebben een belangrijke functie in het sturen van (vooral strategische) aandacht. De link 
tussen temperamentele reactiviteit/BIS-gevoeligheid en angst wordt ook in deze studie 
weer bevestigd, maar er kan niet worden aangetoond dat de aandacht-output van het 
BIS die link verklaart.
Conclusie
De studies in dit proefschrift bevestigen dat er ook bij kinderen en jongeren een 
verband is tussen overactiviteit in het BIS en angststoornissen.
Zelfgerapporteerde BIS-gevoeligheid (Hoofdstuk 3) en door ouders gerapporteerde 
temperamentele reactiviteit (Hoofdstuk 6) zijn hoger bij kinderen en jongeren met een 
angststoornis dan bij kinderen en jongeren zonder angststoornis. Bovendien is het zo 
dat  hogere  BIS-gevoeligheid/temperamentele  reactiviteit  samenhangt  met  meer 
angstproblemen.
Ook BIS-activiteit of BIS-output (inhibitie, evaluatie en aandacht) hangt samen met 
angst.  Kinderen  en  jongeren  met  een  angststoornis  onderbreken  hun  bezigheden 
sneller  in angstrelevante dan in neutrale situaties (Hoofdstuk 4).  Daarnaast  hebben 
kinderen en jongeren met  angststoornissen negatievere  automatische evaluaties bij 
angstrelevante  stimuli  dan  kinderen  zonder  angstproblemen.  Bovendien  zijn  de 
evaluaties  die  kinderen  met  een  angststoornis  hebben  van  angstrelevante  stimuli 
negatiever dan die van gewone neutrale stimuli, een verschil dat er niet is bij kinderen 
zonder  angststoornis  (Hoofdstuk  5).  Bovendien  trekken  zulke  angstrelevante  stimuli 
inderdaad heel snel de aandacht, zowel bij jongeren met als zonder angststoornissen 
(Hoofdstuk  6).  Wanneer  jongeren  echter  voldoende  tijd  en  voldoende  regulatieve 
capaciteiten  hebben,  kunnen  ze  die  aandacht  weghalen  van  zulke  stimuli.  In  de  link 
tussen BIS en angst spelen dus nog meer factoren mee dan enkel aandacht.
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vliegtuigtickets?
Nu ik  verre  collega’s  doorheen heel  Nederland bedankt  heb,  is  het  ook  tijd  om 
Amsterdamse collega's te bedanken:
Jaap Oosterlaan, bedankt voor je meedenken over de stoptaak, bedankt ook voor 
de tijd die je maakte om met ons de afname te oefenen. Bedankt ook Paul Groot voor 
(de onmisbare hulp bij) het programmeren van de emo-stoptaak.
Beste leden van onze programmagroep, het was altijd fijn om samen te borrelen, 
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taart te eten en op onderzoeksretraite te zijn. Het 8ste was een leuke plek om te zijn, 
het was toch een beetje mijn thuis in Amsterdam. Marieke Efting & Samrad Ghane: in 
ons geval  is samen uit niet samen thuis,  promotietrajecten fietsen nu eenmaal niet 
allemaal op hetzelfde tempo, maar we hebben al wel een mooie route afgelegd. Jullie 
waren  fijne  kamergenoten.  De  Kamer  806-bewoners  Sonja  van  Well &  Marieke 
Soeter,  die  net  zoals  ik  de  planten  vergaten  (maar  ze  wel  meenamen  toen  ze 
verhuisden naar hun nieuwe kamer), jullie waren ook fijne kamergenoten.  Saskia van 
der Oord,  bedankt voor de beste raad ooit,  hij  hangt nu niet meer boven mijn buro, 
maar zit wel altijd in mijn achterhoofd. Welkom in België! Juliette Liber, jij riep me altijd 
binnen, net wanneer ik dat beetje extra steun echt wel kon gebruiken: ik had graag met 
je een heavenly bedroom gedeeld.  Gerly de Boo, bedankt voor de gezellige lunches en 
diner, de vriendschap (doe de groetjes aan de meiden), en het aanbod waar ik jammer 
genoeg  niet  op  kon  ingaan,  maar  zoals  ze  hier  in  ‘t  Stad  wel  eens  zeggen: 
‘tiszogoewazdakketghadheb’.  Corine Dijk,  een stukje Groningen in Amsterdam, beter 
kon ik me niet wensen voor die laatste periode.  Bas Dovis,  ik zag je niet veel, maar 
omdat je in al je enthousiasme mijn angsten en onzekerheden uitdaagde, kon ik veel 
meer dan ik zelf dacht: thx!  Kiki Hohnen, amaimennenamai, ge zed een toffe madam. 
Herman Vinckers, Christina Nikijuluw en  Sandra Diets van het secretariaat, voor al 
jullie werk, voor al die koffie (en voor het feit dat die er niet meer was na de middag, jullie 
hebben mijn nachtrust gered) en Sandra:  bedankt voor de TimTam en de (echte  of 
virtuele) chocolade!
Gelukkig  lopen  er  op  een  universiteit  niet  alleen  collega’s,  maar ook  studenten. 
Kirsten van de Velde  & Liske Kusters, Floor Schouten  & Mara Mansveld, Zoe van 
Burkom,  Roos Schouw,  & Jennifer  Kolman,  Marieke Fernhout  & Merel  de Rijke, 
Nienke Dijkhuis  & Joannke Mulder,  Katharina Schulte,  samen hebben jullie  zoveel 
data verzameld, dat ik eigenlijk nog wel een boekje kan schrijven… Bedankt!
Hoewel het grootste deel van mijn leven zich de afgelopen jaren in NL afspeelde, 
was er natuurlijk (en dat op slechts 2 uurtjes + vertraging treinen, iemand enig idee 
wanneer die HSL nu eindelijk afgewerkt zal zijn?) gelukkig nog altijd B. Hoewel er een 
stukje van mijn hart in het Noorden ligt, ligt het grootste stuk toch echt wel onder de 
Moerdijk… Thuiskomen in Antwerpen betekent thuiskomen waar mijn  vrienden en de 
liefde zijn. Geen idee of jullie enig idee hebben hoe fijn ik het vind te weten dat jullie er 
allemaal  zijn.  Ik  zie jullie allemaal  ontzettend graag en allemaal  hebben jullie wel iets 
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gedaan waarvoor minstens één dankwoord op zijn plaats is.  Bij  deze ‘dankuwel,  nen 
dikke merci allemaal, bedankt’… Sommigen van jullie konden het toch niet laten, om net 
dat ietsiepietsie meer te doen om toch maar zeker persoonlijk vermeld te worden in dit 
dankwoord:
Eerst en vooral  alle  kindjes van vriendjes (jullie zijn ondertussen met veel, en er 
komen er (joepie) steeds meer bij): jullie verschaffen mij ontzettend veel plezier. Bedankt 
dat ik jullie vriendinnetje mag zijn (bedankt ook mama’s en papa’s dat we ze af en toe in 
bruikleen krijgen). Sensi, Ester en Eleni, extra bedankt voor jullie mooie tekeningen! Sigi 
(die  wel  echt  veel  moeite  gedaan  heeft  om  in  dit  dankwoord  te  geraken,  zelfs 
pannenkoeken eten, oh ja, ik schrijf dit stuk op je verjaardag 2008: nog ne gelukkige) & 
Andrea:  dank  voor  de  tweede  laptop.  Lieselot,  bedankt  voor  je  wezenlijke  bijdrage, 
zonder jou klopte er niks van al die getalletjes (en bedankt om me achter de veren te 
zitten). Fijn dat we elkaar zo vaak zien. Els en Ann, bedankt voor alle steun, altijd, ook als 
het écht moeilijk was.  Linda, ik ben blij dat je binnenkort terugkomt! Bedankt voor de 
skype mediated morning routine. Christine, bedankt voor de taart en de cover.
Bram, ook al zagen we elkaar sinds we samen op de Insulindeweg woonden bijna 
nooit meer in ons Amstedamse buitenverblijf, je was een fijne huisgenoot, wat sommige 
anderen er ook van mogen denken… Je bent ook een fijne stadsgenoot: ook al klinken je 
aantwaarepse klaanke wat Leuvens, het komt goed: ge weurt nog nen echte… Ik sta 
vaak stomverbaasd te kijken als ik weer eens iets ontdek wat je ook weer kan, en waar 
je ook weer goed in bent (ik ken echt niemand anders die Hongaars praat en Brelsongs 
tot Breltronics maakt): Bram, ik vind je geweldig (en Barbara: door jou werd ik slim en 
fit, merci daarvoor, 't leven is een pak lichter). 
Filip (FiVe) bedankt voor het fiemel-fiemelkabeltje en de verfkrabbers. Bedankt voor 
de  fysieke  ontspanning  na  de  mentale  arbeid:  als  tegeltjeszetten  een  automatisch 
proces wordt, werkt dat  heel therapeutisch… Dat jij mijn paranimf (sterk én slim) moest 
zijn, daar bestond bij mij geen twijfel over, daar heb ik niet lang over moeten nadenken; 
en al is het maar een protocolaire functie, bedankt, Filip, dat je het ook wilde zijn; het/je 
betekent heel veel voor mij. 
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Michiel, in mijn thesisboekje in 2004 bedankte ik je ‘voor alles en nog veel meer’, nu 
in dit boekje bedank ik je ‘voor alles, nog veel meer en dan nog een beetje’… Ik ben heel 
blij met dit boekje, en wie weet schrijf ik in de toekomst nog wel (in) boekjes, maar het 
mooiste boekje tot nu toe schreef ik met jou.
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